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SECTION  I 
INTRODUCTION 
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1.1  ^  Objective 

'  The  objective  of  this  effort  is  to  conduct  characterization  efforts  for  analog 
integrated  circuit  device  types  for  inclusion  into  the  MIL-M-38510  specification 
system  (General  Specification  for  Microcircuits).  The  effort  includes 
determination  of  a  device's  parameters  and  its  limits  as  well  as  static  and  dynamic 
test  circuits  to  verify  these  limits.  All  of  the  characterization  and  specification 
efforts  performed  are  guided  by  the  fundamental  objectives  of  MIL-M-38510 
specification  system  which  are  to  achieve  quality,  reliability,  interchangeability, 
and  standardization  of  microcircuits  procured  for  use  in  military  systems. . 

1.2  MIL-M-38510  Specification  Program 

Microcircuit  devices  for  US  military  systems  are  procured  in  accordance  with 
MIL-M-38510,  General  Specification  for  Microcircuits  and  requires  device  manu¬ 
facturers  to  perform  specified  tests.  Furthermore,  the  device  manufacturer  must 
incorporate  certain  controls  and  procedures  in  order  to  become  a  qualified  source 
for  a  particular  microcircuit  device  type.  Such  device  types  are  specified  in 
individual  "slash  sheets"  and  incorporated  into  the  MIL-M-38510  specification 
system. 

1.3  Scope  of  Report 

The  scope  of  the  effort  includes  electrical  characterization  of  the  following 
device  types;  . 

a.  AD53^,  AD532,  4213VM  analog  multiplier^. 

^  b.  180  3-FET  analog  switch  series  n 

c.  200,  300,  5040  CMOS  analog  switch  series 

d.  506-509,  506A-509A  CMOS  multiplexer  series 

e.  2000  darlington  transistor  array  series, 

f.  1524,  1525,  1526,  1527  regulating  pulse  width  modulators 

g.  TL431  shunt  regulating  reference  ^  ^ 

The  determination  of  electrical  parameters,  limits,  and  parameter  measure¬ 
ment  test  circuits  is  the  result  of  government/ industry  coordination  efforts.  The 
3EDEC  3C-41  committee  on  Linear  Integrated  Circuits  formed  the  coordination 
basis  for  the  technical  categories  included  in  the  generated  detail  specifications. 
Such  cooperative  government/industry  efforts  have  resulted  in  specification 
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development  to  satisfy  the  interests  of  both  parties  by  specific  tailoring  of  draft 
detail  specification  inputs. 

MIL-M-38510  slash  sheet  development  based  on  the  results  of  the  govern¬ 
ment/manufacture  interface  includes  the  following: 

a.  Formulation  of  Table  I,  Electrical  Performance  Characteristics,  which 
specifies  the  device  parameters,  test  conditions  and  methods. 

b.  Formulation  of  Table  II,  Electrical  Test  Requirements;  Table  III,  Group  A 
Inspection;  Table  IV,  Group  C  Endpoint  Electrical  parameters. 

c.  Design  of  static  and  dynamic  test  circuits,  functional  schematics, 
terminal  connection  diagrams,  steady-state  power  and  reverse  bias  burn- 
in  circuits,  accelerated  burn-in  the  life  test  circuits. 

1.^  Approach  to  Characterication 

RADC's  approach  to  characterization  has  evolved  over  many  years  of 
performing  electrical  evaluations  of  analog  microcircuits  for  inclusion  into  the 
MIL-M-38510  specification  system.  Two  key  factors  which  influence  RADC's 
decision  to  begin  a  characterization  effort  are  listed  below  in  their  order  ot 
importance: 

1.  Present  or  potential  usage  of  device  in  military  systems 

2.  Level  of  vendor  support 

Weighing  these  factors,  RADC  will  establish  a  characterization  program 
which  upon  completion  will  result  in  a  thorough  representation  of  the  device 
attributes  over  the  full  military  temperature  range.  To  generate  a  MIL-M-38510 
specification,  the  characterization  plan  will  perform  the  following  tasks; 

a.  Obtain  a  large  test  sample  from  all  interested  vendors,  consisting  of 
several  different  date  codes,  lots,  and  variations  of  the  device  type  series  (for 
example,  internal  vs.  external  references  on  a  D/A  converter).  When  acquiring  the 
test  sample  lots  for  the  evaluation,  samples  from  both  vendor  and  distributors  are 
obtained.  Pieces  which  are  procured  by  RADC  are  operational  over  the  full 
military  temperature  range  of  -55°C  to  +125°C,  but  are  not  processed  to  MIL-STD- 
883  screening  requirements.  However,  test  samples  obtained  from  the  various 
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vendors  may  be  screened  to  MIL-STD-883.  Obtaining  samples  from  these  two 
sources  allows  RADC  to  view  a  much  broader  distribution  of  parts  and  thus  yielding 
a  more  meaningful  data  base. 

b.  Develop  test  hardware/software  for  the  appropriate  automatic  test  sys¬ 
tem,  with  one  or  more  test  circuit  variations.  When  needed,  supplementary  bench 
tests  are  included  for  parameters  such  as  very  low  noise  offset  voltage  or  very  fast 
time  based  measurements. 

c.  Insure  test  correlation  to  independent  testers,  such  as  vendor  automatic 
test  system,  bench  top  ATE,  and  bench  top  test  circuits. 

d.  Develop  a  complete  data  base  for  each  test  sample  lot,  which  includes 
all  possible  static/dynamic  parameters  over  several  temperatures,  numerous  test 
condition  variations,  (for  example  varying  power  supply  voltages,  load  conditions, 
source  parameters),  all  possible  logic  states  and  power  supply  turn-on  and  sequenc¬ 
ing.  In  order  to  compare  test  data,  vendor  data  is  generally  preferred,  however, 
this  may  not  be  attainable.  Manual  bench  test  data  is  then  obtained,  but  only  as  a 
second  choice,  since  identical  test  conditions  may  not  be  achievable  in  both  the 
automatic  test  set-up  and  the  bench  test  set-up.  For  example,  measurement  time 
on  some  parameters  may  cause  the  device  to  self-heat,  thus  significantly  affecting 
the  measured  data.  A  measurement  accuracy  to  parameter  accuracy  ratio  of  ten 
to  one  is  desirable.  This  can  be  reduced  depending  on  the  parameter  and  the  type 
of  measurement.  If  the  desired  equipment  accuracy  is  not  achievable,  the  error 
sources  are  identified,  assessed,  and  either  eliminated  or  subtracted  from  the 
resultant  measurement. 

e.  Perform  extensive  data  reduction  and  analysis,  including  graphical  com¬ 
parisons  and  presentations  to  highlight  the  various  limit  failures.  Also,  identifica¬ 
tion  of  failures  by  the  respective  vendor  code  and  lot  date  code  is  included.  An 
example  of  a  data  reduction  technique  is  the  linearity  plot  shown  in  Figure  1. 

f.  Design  two  or  more  burn-in  and  operating  life  test  circuits.  These  could 
include  burn-in  circuits  developed  and  recommended  by  the  devices  vendors. 
Verification  and  optimization  of  burn-in  circuits  are  performed  through  extended 
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burn-in,  life  testing,  and  analysis  of  all  failures.  Optir.ium  burn-in  circuits  selected 
are  then  included  in  the  final  specification. 

g.  Generate  a  MIL-M-38510  specification  using  the  above  data  to  establish 
the  various  parametric  limits. 

h.  Negotiate  slash  sheet  test  parameters,  limits,  test  methods  and  circuits, 
with  all  device  manufacturers  and  representative  users.  The  characterization  data 
and  proposed  slash  sheet  are  sent  to  selected  industry  and  government  agencies,  as 
well  as  reviewed  in  formal  meetings  (3C-41)  with  device  vendors.  All  essential 
comments  are  resolved  and  incorporated  into  the  firial  draft  of  the  slash  sheet  that 
is  now  ready  for  full  industry/DOD  coordination. 

When  the  coordination  period  ends,  RADC  will  address  all  questions  and 
comments  and  the  slash  sheet  will  be  dated  and  issued  for  DOD/industry  use. 
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2.1  INTRODUCTION 

This  section  reviews  the  characterization  effort  for  internally  trimmed 
analog  multipliers.  Analog  multipliers  have  many  applications  such  as  analog  signal 
processing,  algebraic/ trigonometric  function  synthesis,  and  accurate  voltage 
controlled  oscillators  and  filters.  The  identified  need  and  usage  in  military  systems 
and  manufacturer  recommendations  were  factors  in  selecting  these  device  types 
for  inclusion  in  MIL-M-38510  general  specifications  for  microcircuits.  Table  I  lists 
the  internally  trimmed  analog  multipliers  specified  for  MIL-M-385 10/139. 


TABLE  1  TABLE  OF  DEVICE  TYPES  SPECIFIED 


Device 

Generic 

Type 

Type 

Manufacturer 

Description 

13901 

AD534T 

Analog  Devices 

1%  max.  error,  4  quadrant 

13902 

AD534S 

Analog  Devices 

2%  max.  error,  4  quadrant 

13903 

AD532S 

Analog  Devices 

4%  max.  error,  4  quadrant 

1390^ 

4213VM 

Burr  Browm 

4%  max.  error,  4  quadrant 

2.2  DESCRIPTION  OF  DEVICE  TYPES 


AD534  Analog  Multiplier  (Devices  01;  02) 

The  AD534  is  a  monolithic  laser  trimmed  four  quadrant  analog  multiplier 
with  an  accuracy  specification  of  +  1%  max  (device  01)  and  +  2%max  (device  02) 
for  the  temperature  range  of  -55°C4T^<125°C.  Figure  1  shows  the  functional  block 
diagram  for  the  AD534.  Input  voltages  are  transformed  to  differential  currents  by 
three  (3)  identical  voltage  to  current  converters,  with  trimmed  zero  offsets,  and 
inputted  into  the  multiplier  cell.  The  product  of  the  X  and  Y  inputs  is  performed 
by  the  multiplier  cell  which  uses  the  Gilbert's  translinear  technique.  This  product 
is  then  scaled  to  lOV  by  a  10 V  "buried  zener"  which  is  laser  trimmed  to  provide  the 
overall  scale  factor  (5F).  This  difference  between  XY/SF  and  the  Z  differential 
currents  are  then  applied  to  a  high  gain  output  amplifier.  The  relationship  between 
all  inputs  is  shown  in  the  following  equation. 

Vout  =  A  (((XI  -  X2)  (Yi  -  Y2))/10  -  (Zi  -  Z2)) 
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XI 
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Figure  1  AD534  Functional  Block  Diagram 
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Figure  2  AD534  Analog  Multiplier  Basic  Connection 


WITH  2  TIGD  TO  OUTPUT 


Figure  3  AD532  functional  Block  Diagram 


WITH  2, TIED  TO  OUTPUT 


Figure  A  A213  Functional  Block  Diagram 
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Figure  6  4213  Analog  Multiplier  Basic  Connection 


where 


A  =  open  loop  gain  of  output  amplifier 
X,  Y,  Z  =  input  voltages 

Figure  2  shows  the  basic  multiplier  connection  for  the  AD534. 

AD532,  4213  Analog  Multiplier  (Devices  03,  04) 

The  AD532  is  a  monolithic  laser  trimmed  four  quadrant  analog  multiplier 
with  an  accuracy  specification  of  +  4%  max  (device  03)  over  temperature.  The 
4213  is  a  hybrid  laser  trimmed  four  quadrant  analog  multiplier  with  an  accuracy 
specification  of  +4%  max  (device  type  04).  For  both  device  types,  the  X  and  Y 
input  voltages  are  fed  into  high  impedance  differential  amplifiers  which  transforms 
the  differential  input  voltages  into  differential  currents.  Both  X  and  Y  amplifiers 
offsets  are  laser  trimmed  to  near  zero.  The  product  of  the  input  signals  are 
resolved  by  the  multiplier  cell  utilizing  the  Gilbert's  linearized  transconductance 
technique.  This  product  then  feeds  an  output  amplifier  to  yield  the  following 
output  relationship 

V  =  (XI  -  X2)(Y1  -  Y2)/10 
out 

Any  residual  output  offset  voltages  can  be  zeroed  by  utilizing  the  terminal  and 
applying  the  necessary  dc  voltage.  Figures  3  and  4  show  the  functional  schematics 
for  device  03  and  04  respectively.  Figures  5  and  6  shows  the  basic  multiplier 
connections  for  device  03  and  04, 

2.3  TEST  DEVELOPMENT 

A  listing  of  the  multiplier  parameters  tested  to  characterize  device  types  01 
thru  04  are  given  in  Table  2.  Table  3  shown  in  the  appendix  lists  the  min/max 
limits  and  some  of  the  test  conditions  used  for  these  parameters. 

TABLE  2  TEST  PARAMETERS  FOR  CHARACTERIZATION 

Parameter 
Multiplier  Accuracy 
Multiplier  Accuracy  Drift 


Item  Symbol 
1 

2  MAj^Y#  j 


3 

V 

'^OIO 

Output  Offset  Voltage 

4 

^OIO/  T 

Output  Offset  Voltage  Drift 

5 

^IO(x)’  '^lOCy)’  ^^IO{z)^ 

Input  Offset  Voltage  (Vj^^^^device  01,  02  only) 

6 

^lO/  T 

Input  Offset  Voltage  Drift 

7 

Input  Bias  Current  (Ijg(Z)  device  03  only) 

S 

^OS(+)’  *OS(-) 

Output  Short  Circuit  Current 

9 

^cc’  ^ee 

Supply  Currents 

10 

CMRR(X),  CMRR(Y),  (CMRR(Z)) 

Common  Mode  Rejection  (CMRR(Z) 
devices  01, 02, only) 

11 

V 

’'op 

Output  Voltage  Swing 

12 

PSRRl,  PSRR2 

Power  Supply  Rejection  Ratio 

13 

ts(+),  ts(-) 

Settling  Time 

14 

SR(+),  SR(-) 

Slew  Rate 

15 

FT  FT 

X’  Y 

Feedthrough 

16 

AE^, AEy 

Small  Signal  Amplitude  Error 

17 

NLj^,  NLy 

Nonlinearity 

IS 

*^^(BB) 

Wideband  Noise 

Test  Philosophy; 

The  approach  to  testing  was  to  study  typical  parameters  on  a  bench  top  test 
set-up  in  conjunction  with  automatic  testing  on  the  Tektronix  S3270.  The  objective 
of  this  dual  approach  was  to  achieve  confidence  in  testing  and  to  identify 
anomalies  inherent  to  the  analog  multipliers. 


Test  Circuits; 

The  static  and  dynamic  test  circuit  schematics  used  to  measure  the  analog 
multiplier  parameters  are  shown  in  Figures  7  and  8.  All  relays  are  shown  in  the 
normally  de-energized  position.  All  the  parameters  can  be  measured  automatically 
except  for  settling  time,  small  signal  amplitude  error,  and  wideband  noise.  The 
settling  time  test  2uid  small  signal  amplitude  error  test  were  performed  on  the 
bench.  The  settling  time  test  requires  an  oscilloscope  to  determine  how  fast  the 
analog  multiplier  settles  to  within  2%  of  it’s  final  value.  The  small  signal 
amplitude  error  test  requires  an  oscilloscope  to  determine  when  the  amplitude  of 
2Vpp  sinewave  is  reduced  by  1%.  The  wideband  noise  test  was  also  done  on  the 
bench  because  of  the  design  considerations  necessary,  and  the  need  of  a  filter  to 
establish  the  bandwidth.  Schematic  diagrams  for  the  wideband  noise  test  circuits 
are  shown  in  Figures  9  and  10. 
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2.4  TEST  RESULTS  AND  DATA 

A  total  of  88  devices  were  tested  covering  all  three  device  types.  Forty  532S 
parts,  thirty-three  534S,  ten  534T,  and  five  4213  parts  were  tested  for  all  static 
and  dynamic  parameters. 


Parts  identification  is  as  follows; 


Type 

S/N 

Package 

532S 

1176-1195 

TO-lOO,  10-pin  can 

532S 

34-53 

TO-116,  14-pin  DIP 

534S 

54  -73 

TO-lOO,  10-pin  can 

534S 

1-9,  4537,  4538,  4595,  4596,  4600 

TO-116,  14-pin  DIP 

534T 

1  -  10 

TO-lOO,  10-pin  can 

4213 

1  -5 

TO-lOO,  10  pin  can 

Data  sheets  generated  on  the  Tektronix  S3270  are  shown  in  the  appendix.  All 
of  the  data  is  within  limits  unless  an  asterik  and  the  letter  A  or  B  are  displayed 
adjacent  to  the  measured  value.  Asterik  A  meaning  that  the  limit  is  above 
specification  and  asterik  B  meaning  that  the  limit  is  below  specification.  The  data 
is  shown  with  three  temperatures  of  -55°C,  25°C,  and  125°C  adjacent  to  each 
other.  This  allows  the  user  to  readily  determine  temperature  variations  in  data.  It 
should  be  noted  that  X  and  Y  nonlinearity  data  is  displayed  separately.  This  was 
done  because  X  and  Y  nonlinearity  was  originally  done  dynamically.  Data  is  shown 
with  all  the  parameters  needed  to  perform  the  necessary  calculations  for  X  and  Y 
nonlinearity.  These  equations  will  be  discussed  in  a  later  section  of  the  technical 
report  (Test  Calculations), 

2.5  DISCUSSION  OF  RESULTS 

For  each  parameter  tested,  the  yields  were  generally  very  good  with  surpris¬ 
ingly  few  errors.  At  +25^C  for  both  the  532's  and  534's,  the  errors  were  due  to  the 
tighter  limits  at  +25°C.  For  the  4213's,  most  errors  were  observed  at  25°C  and 
125°C. 


n-10 


Multiplier  Accuracy  (MA^^y) 

Most  multiplier  accuracy  errors  for  both  534  and  532  occured  in  the  second 
and  fourth  quadrants  (MAj^-Y+,  MA^  +  y-).  The  only  errors  observed  in  the  first 
and  third  quadrants  were  by  generic  type  532.  Generic  device  type  4213  passed  all 
multiplier  accuracy  tests.  The  yields  for  all  device  types  was  greater  than  95%.  It 
should  be  noted  that  the  error  increases  over  temperature  for  first  and  fourth 
quadrant  multiplication  and  decreases  for  second  and  third  quadrant  multiplication. 

Multiplier  Accuracy  Drift  (MAj^yiiSj) 

Ail  device  types  produced  a  100%  yield  for  both  -55°C  and  +125®C.  Data 
taken  on  the  534  T  devices  (device  01)  was  25%  better  than  the  limit.  Data  on  the 
534S  and  532S  devices  were  50%  better  than  the  specified  limit.  Data  on  the 
421 3 V  devices  was  50%  better  than  the  specified  limit. 

Output  Offset  Voltage  (^qjq) 

This  parameter  was  passed  by  all  device  types,  according  to  their  specified 
limits.  All  measurements  of  this  parameter  for  534T  devices  were  50%  better  than 
specified,  for  534S  devices  60%  better,  and  for  532S  and  421 3V  devices,  the  data 
measured  was  exactly  as  specified. 

Output  Offset  Voltage  Drift 

All  device  types  tested  produced  a  100%  yield.  Upon  examination  of  data,  no 
temperature  trends  were  observed  for  any  of  the  three  device  types  tested.  Output 
offset  voltage  increased  with  temperature  for  one  device  and  decreased  with 
temperature  for  another  device  in  the  same  lot.  Drift  measurements  for  the  534T, 
534S,  532S,  and  4213V  devices  were  as  specified. 

Offset  Voltage  (Vjq(X),  Vjo(Y),  Vjq(2)) 

The  offset  voltage  measurement  is  a  calculation  of  three  different  measure¬ 
ments  which  takes  into  effect  the  feedthrough  errors  and  output  offset  error. 
Device  types  01  and  02  both  had  yields  of  better  than  95%  with  device  type  03 
(532S)  having  slightly  less  than  95%  yield.  Device  type  04  (4213V)  had  a  yield  of 
100%. 
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Offset  Voltage  Drift  (VjQ(X)Kr,  Vjq(Y)/aT, 

Ail  88  devices  tested  for  generic  types  534T,  534S,  532S,  and  ^21 3V  passed 
this  parameter  to  achieve  100%  yield.  As  in  the  output  offset  voltage  measure¬ 
ment,  no  temperature  trends  were  observed. 

Input  Bias  Current  (Ijg) 

Measurements  taken  on  this  parameter  showed  a  100%  yield  for  the  four 
generic  types.  The  measurements  for  +I|g#  -Ijg>  and  ^5(2)  only),  were  50% 

better  than  the  vendor  agreed  upon  limit.  As  can  be  seen  in  the  appendix,  input 
bias  currents  increase  as  the  temperature  is  reduced. 

Input  Offset  Current  (Ij^) 

Input  offset  current  was  obtained  by  subtracting  the  minus  input  bias  current 
(-Ilg)  from  the  plus  input  bias  current  (+I|g)*  Yields  on  this  parameter  were  very 
good  with  generic  type  532S  achieving  a  yield  of  90%,  534S  a  97%  yield,  534T  a 
yield  of  80%yand  4213V  a  yield  of  100%.  The  low  yield  for  the  534T  devices  was 
due  to  the  small  lot  size  of  10.  All  errors  except  for  one  occured  at  -55°C. 

Output  Short  Circuit  Current  (Iq^) 

Output  short  circuit  current  was  measured  with  the  output  shorted  to  ground 
for  a  time  less  than  25  milli -seconds.  The  yield  was  100%  for  all  four  device  types 
over  temperature.  In  all  cases,  data  measured  was  on  the  average  of  10mA  less 
than  the  specified  limit.  Output  short  circuit  current  increases  as  temperature 
decreases. 

Supply  Current  (I^^,  I^^) 

The  vendor  recommended  limit  for  this  parameter  was  6.0  mA  maximum. 
After  characterization,  it  was  agreed  to  raise  the  maximum  to  6.5  mA  for  all  four 
device  types.  All  88  parts  that  were  tested  passed  this  limit.  It  should  be  noted 
that  supply  current  increases  slightly  as  temperature  increases. 

Common  Mode  Rejection  Ratio  (CMRR) 

This  parameter  was  passed  by  all  four  device  types  over  the  three 
temperature  ranges.  Characterization  data  showed  that  on  the  average  common¬ 
mode  rejection  was  20db  higher  than  the  minimum  specified  limit. 
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Output  Voltage  Swing  (VQp) 

All  83  devices  tested,  covering  generic  types  534T,  534S,  and  532S  passed  this 
parameter  to  the  specified  limit.  The  data  obtained,  showed  that  generic  type  534 
output  voltage  swing  in  the  minus  direction  differed  from  generic  type  532  over 
temperature.  For  the  534’s  the  output  voltage  minus  parameter  decreased  as 
temperature  increased,  conversely  the  532's  minus  output  voltage  swing  increased 
as  temperature  increased.  The  positive  output  voltage  swing  parameter  increased 
as  temperature  increased  for  both  the  534's  and  532's.  When  characterizing  this 
parameter  for  generic  device  type  4213,  all  devices  failed.  Upon  discussions  with 
Burr  Brown,  RADC  was  informed  that  +15V  on  input  would  overdrive  the  multiplier 
and  caused  an  inversion  at  the  output.  RADC  reduced  the  input  conditions  to  +11V 
and  all  parts  passed. 

Power  Supply  Rejection  Ratio  (PSRR) 

The  power  supply  rejection  ratio  parameter  was  specified  by  the  vendor  for 
generic  type  532  but  not  for  generic  type  534.  RADC  proposed  limits  of  lOOmV/V 
for  supply  voltages  ranging  from  +  12V  to  +  15V  (PSRRl)  and  4.0mV/V  for  supply 
voltages  of  +  15V  to  +  18V  (PSRR2)  for  generic  type  534.  Proposed  limits  for 
generic  type  532  were  280  mV/V  for  supply  voltages  ranging  from  +  12V  to  +  15V 
and  +  40  mV/V  for  ranges  from  +  15V  to  +  18V.  Upon  discussion  with  the  vendor, 
the  supply  voltage  range  for  the  PSSRl  parameter  was  changed  to  +  13.5V  to  +  15V. 
Device  type  04  exhibited  the  same  behavior  as  the  03  device.  The  limit  was  set  to 
lOmV/V  for  device  types  01  and  02  and  50  mV/V  for  device  type  03  and  04.  All 
four  device  types  passed  these  limits  over  temperature. 

Settling  Time  (ts(+),  ts  (-)) 

Settling  time  was  measured  by  the  circuit  in  Figure  11  at  25°C.  All  parts 
tested  for  the  four  device  types,  passed  this  parameter  according  to  their  specified 
limits.  Examination  of  the  data  showed  that  for  generic  type  534,  ts(+)  was  on  the 
average  500ns  slower  than  ts(-).  No  such  trends  were  observed  for  generic  type  532 
and  generic  type  4213. 
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Slew  Rate  (SR(-),  SR(+)) 

Slew  rate  was  measured  by  same  circuit  as  settling  time  (Figure  11)  but  was 
done  at  -55°C  and  +125°C  as  well  as  at  25°C.  Device  types  01  and  02  had  a  yield 
of  100%.  On  the  average  slew  rates  were  5  volts  per  microsecond  faster  than  the 
specified  limit.  Device  type  03  had  a  yield  of  90%.  Device  failures  occurred  at 
55°C  and  were  only  marginal  (5  volts  per  microsecond  slower).  Device  type  OU  had 
a  100%  yield.  For  all  four  device  types  slew  rate  increased  as  the  temperature 
increased. 

Feedthrough  FTy) 

The  yield  for  this  parameter  was  100%  for  all  four  device  types.  From  the 
data  obtained,  ail  the  parts  tested  had  values  at  least  50%  better  than  the  specified 
limit.  The  higher  limits  remained  due  to  the  vendor’s  concern  that  tighter  limits 
would  severely  reduce  yields.  No  temperature  trends  were  observed. 

Small  Signal  Amplitude  Error  (AE^,  AEy) 

Small  signal  amplitude  error  was  measured  at  25°C  and  had  a  yield  of  95%  o  • 
better  for  all  four  device  types.  On  the  average,  data  obtained  showed  that 
measurements  were  20kHz  above  the  specified  limits  which  is  751<H2  for  device 
types  01  and  02  and  701<H2  for  device  types  03  and  04.  All  failures  were  marginal 
and  observed  when  the  SSAE(Y)  parameter  was  measured. 

Nonlinearity  NLy) 

This  test  was  originally  done  at  25°C  and  measured  by  an  A.C.  test  circuit 
utilizing  a  sine  wave  generator  and  an  oscilloscope  configured  in  the  X-Y  mode. 
On  vendor  request,  and  verification  by  RADC,  this  test  was  changed  to  a  D.C.  test 
and  measured  over  temperature.  Generic  type  534  was  measured  utilizing  the  3- 
point  method,  generic  type  532  and  generic  type  4213V  utilize  the  5-point  method. 
Correlation  and  calculations  between  the  two  methods  will  be  discussed  later  in  the 
technical  report.  Yields  were  generally  good  for  all  four  device  types. 

Wideband  Noise  (Nj^qqj) 

This  parameter  was  measured  at  25°C  with  a  bandwidth  from  lOHz  to 
lOOkHz.  All  devices  covering  the  four  device  types  passed  this  parameter  as 
specified.  Generally,  measured  values  were  5uVrms  smaller  than  the  specified 
limit. 
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2.6  TEST  CALCULATIONS 


Feedthrough; 

The  equations  to  calculate  the  feedthrough  error  for  both  the  X  and  Y 
amplifier  are  as  follows: 

FTx  =  ((XFP  +  XFM)/2)  - 
and 

FTy  =  ((YFP  +  YFM)/2)  -  Vqjq 
where; 

XFP  =  Feedthrough  error  for  plus  terminal  of  the  X  amplifier 
(Input  conditions;  X  =  10,  Y  =  0) 

XFM  =  Feedthrough  error  for  minus  terminal  of  the  X  amplifier 
(Input  conditions;  X  =  -10,Y  =  0) 

XFP  =  Feedthrough  error  for  plus  terminal  of  the  Y  amplifier 
(Input  conditions:  X  =  0,  Y  =  10) 

XFM  =  Feedthrough  error  for  minus  terminal  of  the  Y  amplifier 
(Input  conditions;  X  =  0,  Y  =  -10) 

Vqio  =  Output  offset  error 

(Input  conditions;  X  =  0,  Y  =  0) 

Feedthrough  error  is  defined  as  the  output  voltage  of  the  multiplier  when 
either  input  is  at  zero  volts.  Theoretically,  when  either  input  is  at  zero,  the  output 
should  be  zero,  but  a  certain  fraction  of  the  non-zero  input  will  "feed  through"  and 
appear  at  the  output.  It  should  be  noted  that  feedthrough  error  will  increase  as  the 
frequency  on  the  nonzero  input  signal  increases.  This  test  was  originally  a  dynamic 
test  but  was  changed  to  a  static  test.  This  was  done  per  the  vendor's  request  and 
upon  verification  and  validity  of  the  equations  by  RADC.  As  can  be  seen  in  the 
equations  both  extremes  are  measured  and  averaged  with  one  input  at  zero  to 
achieve  feedthrough  worst  case  errors.  The  output  offset  voltage  is  subtracted  to 
nullify  any  errors  due  to  the  output  summing  amp  which  is  internal  to  the  analog 
multiplier. 
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Nonlinearity; 

The  equations  to  calculate  the  X  and  Y  nonlinearity  parameter  are  different 
between  generic  type  534  and  generic  types  532  and  4213.  This  is  because  of  the 
nonlinearity  wave  shape  between  the  two  types  being  different.  Generic  type  534 
has  a  parabolic  nonlinearity  wave  shape  and  generic  type  532  and  4213  have  a 
sinusoidal  wave  shape.  Like  feedthrough  this  test  was  originally  done  dynamically, 
but  was  changed  to  a  static  test.  The  equations  for  X  and  Y  nonlinearity  for 
generic  type  534  are  as  follows; 

+NLx  =  (((ERRl  +  ERR4)/2)  -  YFP)/2 
-NLx  =  (((ERR2  +  ERR3)/2)  -  YFM)/2 
+NLy  =  (((ERRl  +  ERR2)/2)  -  XFP)/2 
-NLy  =  (((ERR3  +  ERR4)/2)  -  XFM)/2 
where; 

ERRl  =  Multiplier  accuracy  (X  =  +10,  Y  =  +10) 

ERR2  =  Multiplier  accuracy  (X  =  +10,  Y  =  -10) 

ERR3  =  Multiplier  accuracy  (X  =  -10,  Y  =  +10) 

ERR4  =  Multiplier  accuracy  (X  =  -10,  Y  =  -10) 

YFP,  YFM,  XFP,  XFM  =  defined  in  feedthrough  calculation. 

This  is  known  as  the  three-point  test  method. 

The  equations  for  X  and  Y  nonlinearity  for  generic  types  532  and  4213  are  the 
same  as  the  534  plus  the  following. 

+NL^(A)  =  ERR10-(ERR4-ERR1)/4+(((ERR4+ERR1)/2)+YFP)/2 
+NL^(B)  =  ERRi2+(ERR4-ERRl)/4+(((ERR4+ERRl)/2)+YFP)/2 
-NL^(A)  =  ERR9-(ERR3-ERR2)/4+(((ERR3-ERR2)/2)+YFM)/2 
-NL^(B)  =  ERR11+(ERR3-ERR2)/4+(((ERR3+ERR2)/2)+YFM)/2 
+NLy(A)  =  ERR6-(ERR2-ERR1)/4+(((ERR2+ERRI)/2)+XFP)/2 
+NLy(B)  =  ERR8+(ERR2-ERR1)/4+(((ERR2+ERR1)/2)+XFP)/2 
-NLy(A)  =  ERR7-(ERR4-ERRi)/4+(((ERR4+ERRl)/2)+XFM)/2 
-NLy(B)  =  ERR5-(ERR4-ERR1)/4+(((ERR4+ERR1)/2)+XFM)/2 
where; 

ERR5  =  Multiplier  accuracy  (X  =  -10,  Y  =  -5) 

ERR6  =  Multiplier  accuracy  (X  =  +10,  Y  =  -5) 

ERR7  =  Multiplier  accuracy  (X  =  -10,  Y  =  +5) 

ERR8  =  Multiplier  accuracy  (X  =  +10,  Y  =  +5) 


ERR9  =  Multiplier  accuracy  (X  =  -5,  Y  =  -10) 

ERRIO  =  Multiplier  accuracy  (X  =  -5,  Y  =  +10) 

ERR  11  =  Multiplier  accuracy  (X  =  +5,  Y  =  -10) 

ERR12  =  Multiplier  accuracy  (X  =  +5,  Y  =  +10) 

All  other  terms  are  defined  in  previous  calculations. 

These  equations  will  be  explained  by  the  use  of  Figure  12  and  the  equation  that 
applies  to  it. 

To  determine  the  +NL^(A)  error,  Figure  12  is  used  with  this  equation 


+NL  (A)  =  ERR10-(ERR4-ERRl)/4+(({ERRif+ERRl)/2)+YFP)/2 
*  ' - T - '  ' - K - ' 


As  can  be  seen,  this  equation  is  divided  into  three  basic  sections.  The  J 
section  is  the  slope  of  the  line  drawn  from  the  endpoints  measured.  The  K  section 
is  the  factor  used  to  center  the  curve  around  the  X  axis.  The  variable  ERRIO  is 
the  location  (X  =  -5,  Y  =  +10)  in  which  the  nonlinearity  error  of  interest  is 
measured.  All  the  other  equations  are  based  on  the  same  principles  as  discussed 
here. 

2.7  CONCLUSIONS  AND  RECOMMENDATIONS 

Generic  types  534,  532,  and  4213  are  accurate  analog  multipliers  when 
multiplying  signals  between  -lOV  and  +10V.  This  accuracy  can  be  improved  by 
designing  with  potentiometers  to  trim  for  accuracies  needed  at  specific  voltage 
ranges.  If  potentiometers  are  used,  it  should  be  noted  that  accuracies  at  different 
ranges  will  be  affected. 

Both  vendors  advertise  that  the  534,  532,  and  4213  can  be  configured  to  do 
divider  functions  and  square-root  functions.  It  is  recommended  that  these  devices 
not  be  used  in  those  configurations.  During  characterization,  it  was  found  that  the 
accuracy  of  the  divider  and  square-root  functions  greatly  diminishes  over  tempera¬ 
ture. 

The  testing  of  nonlinearity  was  changed  from  a  dynamic  test  to  a  static  test  to 
reduce  the  cost  of  testing.  The  static  test  in  itself  will  not  give  the  worst  case 
nonlinearity  error  but  it  does  guarantee  that  the  error  is  within  10%  of  the  value 
measured.  If  the  user  is  interested  in  the  exact  worst  case  error  and  the  curve  it 
follows,  it  is  recommended  that  they  use  the  dynamic  test  circuit  shown  in  Figure 
12. 
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Figure  II  Nonlinearitv 
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Fl<*ure  12  Nonlinearity  Error  Bench  Test  Circuit 
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2.9  APPENDIX 

Table  2-3  lists  the  test  parameters  for  device  types  01-04  as  well  as  test 
conditions  and  min/max  limits. 

532  and  534  analog  multiplier  data  sheets  generated  on  the  Tektronix  3270 
are  shown  in  Table  2-4. 
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7  mAITK-,*) 

•10.00  V 

•10,09  * 

•  XAIVKO.*) 

•22.399* 

•0.7909* 

0  NAITll*,*) 

10.00  * 

0.009  * 

to  M«IV|(-,-) 

10.02  V 

10.00  * 

11  HAITIM..) 

•27.709* 

•0.7909* 

12  M*aT2(«.*) 

•10.13  V 

-10.03-  V- 

IS  Miva(*.o) 

000.09* 

9.0909* 

1«  097099 

•11.709* 

•7.0909* 

19  VAITKa.O) 

•0.9909V 

•290. OVV 

10  V*IT2t-.«l 

•10.03  * 

•2  -lo.ia  V 

17  m«it2(0.*) 

0.3909* 

•3.0909V 

no  m*it2<«»«1 

10.02  * 

0.020  * 

10  IXOIt 

909.09* 

XOO.094* 

20  XX0I9 

9M.09* 

229M** 

21  tS9Tt 

9aoM94a 

302.09* 

22  XtaT2 

S20.09*> 

3*9.09* 

2J  1X9X1 

929.09* 

222.09A 

2«  XX9X2 

790 .09* 

•  322.29* 

29  02C9 

•29.2090 

•10,109* 

20  OSCM  a* 

30. 1090 

27,099* 

27  xoe9 

••00990 

0.1999* 

22  Xteii 

•0.00090 

•O.lOO** 

20  •(€»•» 

70.7V  02 

**.32  02 

SO  acCMM 

00.90  02 

110.9  02 

J1  -VCMO* 

00.31  M 

0*.J2  02 

12  afCOM 

71.23  M 

73.19  02 

IS  owrv«9 

11.99  V 

11.20  V 

so  OUTViM 

•11.70  V 

•12.09  V 

19  90a9«19«lS 

1.0739V/V 

702.0UV/V 

10  9090. 10*19 

t.OI79V/V 

1.1039V/V 

37  X099 

•290.09V 

0.9909V 

SO  7099 

t0.239V 

11,209* 

SO  xxoa 

9.00090 

19.009* 

00  isoo 

•00.0090 

•09,00** 

01  xsox 

•ao9.o9« 

•100.09* 

02  I9TN9V 

2.0799V 

19.129* 

OS  7979*9 

0M.09V 

322.09V 

OO  9a9L 

2.0299V 

•19.129* 

09  HI9C 

•V.2799V- 

12.1S9V 

90 

99 

99 

129  C 

•99  e 

29  C 

0 

0 

0 

0.090  * 

10.07  * 

10.01  V 

0.0949* 

•tl.*OrtW 

*9U.0UV 

•2  -lO.**  7 

•10.11  * 

•to.oo  7 

20.299* 

•0.3009* 

4.9909* 

10.109* 

-10.499* 

3.0009* 

30.399* 

•0.2909* 

S.***9« 

•lO.OO  * 

•10.13  V 

•10.01  V 

20.309* 

•0.7909* 

9.7009* 

0.039  * 

10.03  « 

0.009  V 

0.099  7 

10.09  V 

to.oo  V 

12.399* 

•19.399V 

•000.29* 

.  -2.000  * 

•10.07  V 

•10.00  * 

22.199V 

'•11.399V 

1.9009V 

10.199* 

•10.499* 

2.0009* 

22.709* 

•0.1909* 

0.7009* 

•2.200  * 

•10.09  V 

•10.00  V 

19.109V 

•4.3909V 

7.9909V 

0.022  W 

10.09  * 

9.909  V 

i02.09*- 

922.09* 

909.0** 

122.29^^ 

9*0.09* 

SIOM** 

10«.29*b 

999.09* 

392.09*. 

222M** 

9*0.09* 

310.09* 

170.09* 

010.0** 

SM.09* 

299.0**  ' 

919.09* 

309.09* 

•11.009* 

•27.299* 

•20.209* 

20.209* 

•«  30.709* 

a*  30.199* 

OU909* 

*.2399* 

4.4209* 

•0.3999* 

•4.2*99* 

•4,4709* 

00.10  02 

00.00  00 

07.20  02 

02.«9  02 

07.70  02 

04.9*  M 

27.72  02 

27.A9  02 

02.31  M 

73.02  02 

73.07  02 

72.09  02 

-  12.10  V 

11.99  V 

ll.AO  « 

•12.49  V 

•11.79  7 

•12.09  7 

920.09*/* 

3M.0IIV/V 

193.49*/! 

033.09*/* 

423.4U*/* 

343.3UV/* 

•7.0799* 

11.J09V 

•479.  MV 

•11.099V 

0.0799* 

•3,4799* 

10.009* 

•20.009* 

•9.0009* 

•9.0009* 

19.009*' 

20.009* 

••9.009* 

09,00** 

39.009* 

0.2009V 

1M799V 

1,0799V 

79.00WV 

279.09* 

t79.0UV 

•40.099V 

•20.039V 

•0.1999V 

•79.7T9V 

•9,4909V 

2.1799* 

H 
129  e 
• 

«.«4«  V 
t«.9««V 
•4cM9  V 
22.49MV 
U.39MV 
2S.09MV 
-♦.••9  * 
29»r««iv 
«»«ta  « 
*•929  V 
l9a9H«> 
•9.2M  « 
i>U9H« 
2t.r«M« 
9S.I9MW 
-«.«•»  V 
2r.i9M¥ 
9.9ta  V 
2t9WM* 
iktlalM* 

tttWMMl. 

.  »•••«« 

219.2M* 

2».Sili4 

W99M 

•««r«9MI 

•*.*«>  09 
99.«*>0» 

T2.99  09 
U.M  « 
•t2««»  * 
IMarUV/V 
399.MIV/V 
-I9.29MV 
•2t.a9My 
•  •MO  • 
9.0009* 
OMO*  * 
•OO.OUV 
290.0U9- 
-0.1009V 
••M09V' 


•  ■«'«•*«  e99€*  0«l099.*9Tt999 

•  »  OOlMCt  Tt9T  09Cei9ie*TT99* 

»  •  •  ■  0C9t9ie  rr9c/eo99t9rt 
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a««a  (]  OfvtCt* 

94 

94 

9* 

97 

97 

97 

:iuaa  11  »€“•» 

-99  C 

a9  C 

139  C 

>99  C 

39  C 

139  C 

(1  rxi.e» 

« 

4 

0 

0 

4 

4 

t 

i-i.aa  » 

14.41  ¥ 

4.419  ¥ 

14.49  ¥ 

4.449  ¥ 

4.414  ¥ 

a  Ma«Tt(Ot«l 

994. au» 

>4.4944¥ 

>t3.a94¥ 

•9.a44*¥ 

>7.140a¥ 

>4.44t4¥ 

3 

>14.47  ¥ 

>14.44  ¥ 

•4.439  ¥ 

•14.19  ¥ 

>10.49  V 

>14.44  ¥ 

a  a«iTt(«.0| 

4.794MV 

*94.4U¥ 

>4.aa4M¥ 

>a.*444¥ 

>13.444¥ 

>l*.a94¥ 

s  ourorr 

l.'»94«V 

>3.9944¥ 

•13.194¥ 

>94.04U¥ 

>4.*944¥ 

>9.*444¥ 

a  Matrt(a«0) 

a.a44M¥ 

>|.494W¥ 

•4.944MV 

>T.3404¥ 

>10.*a4¥ 

>14. *944 

r  aaXTK*.*} 

>14.44  ¥ 

>14.41  ¥ 

•4.439  ¥ 

>14.14  ¥ 

>14.43  ¥ 

>14.44  ¥ 

4  H4trnt,*i 

3.794W¥ 

>a.a944¥ 

•4.794l*¥ 

3.49*4¥ 

>1.99*M¥ 

>1.*9*4¥ 

14.49  ¥ 

4.449  ¥ 

4.449  ¥ 

14.09  ¥ 

4.449  ¥ 

4.419  ¥ 

14 

14.47  ¥ 

14.44  ¥ 

4.44a  ¥ 

14.09  ¥ 

14.4*  ¥ 

4.434  ¥ 

It  aairaCAf-) 

>a.494M¥ 

>4.4944¥ 

>lk.444¥ 

>3. 94044 

>4.9944¥ 

>4. *4444 

ta  »axra(a«*l 

>14.44  V 

>14.41  ¥ 

•4.434  ¥ 

•14.13  ¥ 

>4.479  ¥ 

-4.494  ¥ 

13  NAirai-tVl 

1.444HV 

>i.994li¥ 

•i3.a44¥ 

•4.44444 

>l3.a94V 

>19.7944 

I a  ourora 

1.794M4 

>S.794li¥ 

•13.1944 

•94.44U4 

>a.7944¥ 

•9.*944¥ 

19  aaxTaiaiai 

a.aaaMv 

a.794M¥ 

•7.19444 

-4.49444 

>11.*4*¥ 

>ia.*94¥ 

la  aairai-f*) 

•14.44  ¥ 

•14.41  ¥ 

•4.434  ¥ 

-14.19  ¥ 

•14.49  ¥ 

-4.399  ¥ 

17  aairact**) 

7.49ait4 

a.raawY 

•4.74444 

3.49444 

S94.4U4 

1.7*44¥¥ 

la  aairaia,#) 

14.44  ¥ 

4.444  ¥ 

4.449  ¥ 

14.41  ¥ 

4.499  ¥ 

4.43*  ¥ 

t«  ixait 

4a9.4N4 

a44.4N4 

144.444 

9*9.44* 

339.44* 

319.*** 

a*  tiita 

444.444 

a49.4N4 

149.444 

999.44* 

334.44* 

334.44* 

at  itiTi 

449.444 

349.444 

149.444 

979.44* 

394.4** 

339.44* 

aa  ixita 

449.444 

349.444 

144.44a 

999.44* 

334.44* 

3i*.a** 

aa  ixaxt 

444.444 

944.444 

149.444 

9*4.44* 

919.44* 

3*9.44* 

a«  ixita 

444.444 

349.444 

144.44* 

9*4.44* 

394.44* 

a»9.4**» 

at  oact 

•ar.aa«4 

•34.7944 

-I3.444* 

-37.*44* 

•31.494* 

i3r.a9M 

at  oacM  at 

S9.a94* 

aa.aaiM 

3i.7an« 

a*  93Ui«* 

a*  31.494* 

39«3VM* 

a?  laet 

3.44444 

4.1794* 

*u*««* 

•.344M* 

*•.*444* 

4W4*9Wk 

aa  xacM 

>4.44944 

•4.1444*  ' 

•«.449W«l 

•4.9494* 

-*.*744* 

•4I.744II* 

at  -ictiaa 

aa.at  o« 

4f .94  M 

44.1*  M 

**•*7  0* 

43.91  03 

44.39  09 

3a  •leiMMi 

4t.9t  M 

4*.i*  oa 

a«.9*  03 

43.49  03 

a«.31  03 

**.*3  03 

3t  arCMm 

44.44  M 

44.97  M 

44.74  09 

4*.**  0* 

44.7*  03 

41.14  03 

Sa  aTCMM 

ra.ia  m 

79.14  M 

73.91  0* 

79.44  03 

73.4*  03 

73.*9  O*- 

sa  ouTvaa 

tt.aa  V 

11.49  ¥ 

13.10  ¥ 

11.94  ¥ 

11.39  9. 

13.1*  ¥ 

34  (Nirva« 

•11.79  ¥ 

•19.49  ¥ 

•13.A9  ¥ 

•11.74  ¥ 

>13.09  ¥ 

•13.49  ¥ 

39  aaaa* 19*19 

•i.at34¥/v 

•t«719*¥/V 

•1U194¥¥¥ 

•394.4U¥/¥ 

•3T4.4«¥/¥ 

•499.3UV/V 

34  UM«ia*l9 

•i-.aaaHV/v 

•t.4994¥/¥ 

•1.3934¥/¥ 

•34*.71IV/¥ 

•13*.0U¥/¥ 

•i.9iau¥7¥ 

37  loet 

•394>aU¥ 

l*.3t«V 

9>*T94¥ 

7.33944 

4.77944 

sa  rora 

•9.aa944 

3.94444 

13.344¥ 

1.1444¥ 

4.4944¥ 

4.9*t4V 

3«  xxei 

9.44444 

•I9»a44* 

•9.4444* 

14.444* 

9.4444* 

•9.44*4* 

44  xxor 

4.444  4 

4.444  4 

9.4444* 

at .*44* 

94.444* 

19.444* 

•1  XXOl 

4.444  4 

9.44444 

9.4444* 

•34.444* 

-19.444* 

•14.444* 

aa  laTiMiu 

9.Sa94¥ 

3.19444 

a.*4*4¥ 

•*.9**4¥ 

•7. 79444 

-7.79*4¥ 

43  TfTM«U 

a44.4U¥ 

a44.a«l¥ 

99*.*U¥ 

*79.*U¥ 

ta9.4a¥ 

t79.0«¥ 

aa  aiMV 

•4.9T944 

•9.ia9*¥ 

•7.4394¥ 

>94.aa4¥ 

•14.a44¥ 

>a4.t74¥ 

49  Mint 

479.4ll¥ 

4.93944 

*.a39*¥ 

>aa.394¥ 

•7.744M4 

•41.49MV 

«  ■  ■  a  •  RAoe  *miiciicc  cooci 

a  a  SOMCC  TUT  SMCZnCATIMt 
a  a  a  a  UNUlC  TTU/UMUf  l 

BUtei*  U 

mum  II  wm9  aU  e 

a  rtkf »  • 

t  t««««  V 

a  HaiTtlt.'J  •MaTUV 

s  -ta*!*  V 


OnuU.MTtS^ 


M  e  . 

tf.M  « 

*I#,U  * 


tat  e 

*.fSt  V 
•!•••«  * 


tt 
•ft  e 

t 

tt.o  « 
•t»»aM(« 
•l•.tl  T 


t« 

as  e 

• 

w 

-t••aa  « 


9* 

las  e 

« 

*.MS  * 

•ta.tawa 
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MAITK-.O) 

•a4.S4HT 

-tO.lOHV 

-T.SSOHV 

OUTOTT 

•iA.SSHV 

-tA.SSHy 

-I.7S0HV 

•at.TSHv 

-lA.aSHy 

-a.ASOHv 

MAITt(-t«) 

-10. IS  T 

•A  -to.ts  « 

-A.T4S  y 

HAITI (0>*) 

•aa.ASHv 

-ta.osHv 

S.AOOHV 

maitKt.t) 

10.01  V 

A.T4S  V 

A.AAS  V 

to 

aAira(«»a) 

to.oa  tf 

A.oso  y 

T.OAS  V 

tl 

MAITatOfa) 

-SO.tSHV 

•lA.oSHy 

-4.aS0HV 

ta 

HAITI(At*l 

-10.44  y 

•A  -to.ts  y 

-A.ATO  y 

tj 

MAIfaC-.O) 

-aA.isHv 

-ir.osHT 

-4.A00HV 

lA 

otiroM 

-aA.asHw 

-tA.tOH* 

-s.asoHT 

ts  Hairata^O) 

-ai.ssHT 

-ts.aoHT 

-4.4S0Hy 

lA 

HAITa(-t*l 

•to.ts  V 

•A  -to.ts  4 

-A.TAO  y 

IT 

HAitato,*) 

-to.iSHy 

-tt.TSHy 

-i.aSOHV 

to 

HAiTa(««Ai 

to.oa  V 

T.TAS  V 

T.OAS  y 

IT 

ttiit 

sta.oAA 

300. OHA 

I04.4HA 

ao 

ixsia 

S4S.0HA 

sao.oAA 

at  A.  OHA 

at 

IXATl 

SSS.OHA 

sao.oHA 

aio.oHA 

aa 

iXATa 

SSS.OHA 

Sts.  OHA 

aas.AHA 

u 

IXIZt 

SaO.OHA 

SAO.OHA 

aAA.AHA 

ao 

XXSU 

rss.OHA 

4AA.0HA 

SSS.OHA 

as 

ascA 

•aa.ooHA 

-at.  ASHA- 

•is.aoHA 

aA 

OACH  AA 

SA.tOHA 

•A  SI. ASHA 

ao.OSHA 

ar 

tier 

A.ITAHA 

4.A10HA 

4.ASSHA 

as 

xacM 

-4.  t  ASHA 

•4.A00HA 

-4yA*AHA 

as 

•ICMM 

TA.ta  OS 

0A.7A  OA 

AA.AA  OA 

so 

AtCHM 

07.07  OS 

0S.4I  OS 

aa.a«  os 

St 

-TCHAA 

07U»  OS 

AA.lt  os 

ASU»  o» 

sa 

tTOMM 

7S.0S  0» 

TS^AA^OA- 

TawOA>  0» 

IS 

ourvAA 

tt.AA  T 

tt.JS  A- 

iau»« 

SA 

ourvm 

•tl.7S  V 

-la.iA  A  •  * 

•IStJA 

JS 

AAAA*IS«ia 

•S40.04IV/T 

•a4A.7UT/V 

•SSS.SHV#A 

SA 

AAAAttA*IS 

•t4A.0«IT/¥ 

•AS.JOVT/V 

-SA.TOttV/V 

ST 

lOAA 

aS.AAHT 

•A  ao.asHT 

to.sanA' 

SA 

TOAA 

as.TSHv 

tA.a7HT 

A.AOOHV 

SA 

txoi 

•lA.OOHA 

•aS.IAHA 

•lO.aoHA 

40 

XXOT 

aO.OOHA 

S.OOOAA 

•lO.OAHA 

4| 

IXOX 

•ats.oHA 

•IAA.OHA 

•ISS.OHA 

oa 

lATHAU 

t.aaaHT 

ITS.AUT 

•O.JSAHT 

4S 

TATNAV 

tSA.0IIT 

AAA.OAT 

S7S.0IIT 

44  HIHC 

•tA«A7HT 

•la.AOnT 

•as.SOHT 

4S 

HIHk 

•I0.AAHV 

•IIUSHT 

•IA.a7HT 

•4SS.JUV/V 

ir.nnv 

-4.9MNA 

M.SAMA 

tas.tuv 

««s.aw« 

•ts.riwv 

•ll.AAHV 


ii.aaMv 

•(  •••••!* 

lO.MNA 

JTS.MiV 

-•.STStlV 


tt.ssm 

9.«a9N« 

tt.ftMA 

ISUANA 

t»7S«MV 

*»I*M*V 


s  a  a  ■  •  AAOC  ACrtACNCf  COOII  MSAIM.A«TtOrr 
■  a  aounct  tist  mex^iCATiMi 

a  a  a  a  OtNCMIC  TTP«/COMM<tiri 


^AM  11  OCVICfa  M 

•MMs  i]  riMPa  ■  -M  e 

a  riu»  f 

I  MAI?t(«ta|  t«*«*  V 

i  iMinc***) 

I  MiTtCa,*)  •!•••«  V 

»  HAITI  (-at)  •I7UMV 

S  MTSHT  •tt.MMV 

A  HAITKaal)  atUMHT 

f  HAITI C«»a|  V 

•  HAITI (•,«)  •II.riHV 

f  HAITI  (a««J  t««M  V 


AA 

AA 

as  e 

las  e 

0 

0 

lA.OA  T 

A.AIA  T 

•A.aAAHV 

•S.OAOHT 

•A.OaA  V 

"A.AAS  T 

■A.ASAHT 

■a.AAAWS 

•7.AAAHT 

•t.tSAIir 

•4.AAAHV 

-SAA.OUV 

•IA.AS  T 

•Aroas  T 

•A.tOAHT 

7SA.0UV 

A.ATS  V 

AyAAS  T 

A1 

-«s  e 

«.*M  V 
•IS.IIHV 
T 

•livAAMV 

•lf.*«HV 

lA.SAHT 

T 

•II.MH* 

T 


At 

as  c 

A 

A»TM  T 
•IS.SSHT 
•lA.AS  T 
-A»MAIIT 
•la.ASHv 
•I•]AAHT 
•9  •lA.tS  T 
"II.ASMV 
lA.AA  T 


At 

las  e 

a 

1A.AS  V 
•IS.ASMT 
•tA»tt  T 
•SaStAHT. 
•ta.tsMw 
-••asaht 
•A  •lA«a»  V 
-A.aAanT 
lA.AS  T 
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tt  MAVTaCOt*} 

ta 

\S  i*«sTa(«iai 
i«  ouro^r 
19  MAivat***) 
tk  M«STa(*f*t 
IT  NAlTaC***) 
It  M*iTa(*i*) 

i9  ixait 
a*  ii8«a 
at  xiiTi 
aa  iXBYa 
as  izazi 
a«  ixtza 
as  9$cp 
a*  oscw 
ar  laer 
aa  lacM 

as  >(CMaa 
sa  •RCMa 
sx  •fCMsa 

Sa  «TCM« 

31  ourvar 
sa  ouTvaM 
»  aaM.is*ts 
la  aaM*ia*is 
37  xosr 
3#  TOW 

SO  xxoa 
«a  xxoT 
«t  txoz 
«a  irTMNi 
«S  TfrMNI 
M  OKNC 
49  MINI. 


ta.a*  V 
•»a.79f* 
•ta.13  V 

•ii.asvv 

«t4.94HV 

-la.ts  V 
•a.asBMv 
ia.««  T 

«««.aNk 

•TS.aN* 
SlS.OMk 
44S.4M* 
«««.aN4 
•07.4404 
•4  3*.39lt4 

4, 04904 
•4,3X404 

4*.aa  00 
43.94  oa 

44.34  04 
73.47  04 
11.99  « 
•lt.74  « 
•44a.4U«/4 

•na.iuv/v 
tau3o« 
14«44M» 
4.444  4r 
•44.44N* 
9,4440* 
1.4490V 
479.4UV 
•44.190V 
4.4790V 


4.444  V 
•I4.0SOV 
•14.41  T 
•7.4440V 
•7.*440« 
•4.9440V 
•14.04  V 
••94.4UV 

4.444  V 

394.404 

394.404 

379.404 
374.40* 
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34.1409 


4.444  T 
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•.4440V 
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34.190*  •« 

*•7940* 
•4.7490* 

43.47  04 
47 .OS  04 
44.91  04 
74.44  04 
14.14  V 
•14.49  tf 
^73.«<IV/V 
•SS4.4UV/V 
3.449HV 
4-7940IW' 
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9.4440* 
•444.411V 
39.4409 
•14.3709 
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•14.10  V 
11.940V 
•14,4409 
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i.aaou* 
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l.«9S(l* 
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34.940* 
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47.11  04 
73.3*  04 
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•11.79  9 
•a4*.7UV/V 
•4*.*4UV/V 
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39^409 
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•44.440* 

•44.440* 

4.44409 
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•99.4909 

•94,7409 


14.41  V 
•17.7009 
•10.09  V 
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4.474  9 
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739.00* 
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749.00* 
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•34.390* 
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•*.3340* 
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47.49  04 
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•S34.1UV/9 
•314.4UV/V 

19.4401* 
19.4909 
44.44N* 
4.4*4  * 
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•494.49* 
•34.7409 
•*•78909 
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•10,07  9 
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•13.3909 
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•10.10  V 
•4.30009 
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930.00* 
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939.00* 
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34.390* 
*.3490* 
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*7.39  04 
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II 
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0 
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*4 
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0 
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14.41  9 
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•14.43  * 

•19.*t  V 
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•13.4909  . 

1.4440V 
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1.49409 

1.49409 

4  0«a91(**4) 

•1.94409 

119409 
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•14.49  9 

•14.94  9 

a  0*«9t<4«*l 

1.39409 

119409 

4  **l9t(*.*l 

14.44  r 

4,449  9 

14  0«l94Xl*l 

14.40  9 

14.44  9 

11  oaitaia.*) 
13  0*4TaX*.*l 

-19.7909 
•34;9S  9  ' 

•0,39409 

•141*9 

13  0*ITIX*(4} 

1.4*909 

1*39409 

t*  4VT0W 

1.49409 

114409 

19  0*ir3(**4l 

1.34409 

1.49409 

44 

43 

*3 

149  e 

-99  e 

39  C 

* 

• 

4 

9,9*9  9 

14.47  9 

14.41  V 

4,9*t09 

•39* .499 

•3. *4009 

1,449  9 

•14.07  9 

•14.03  V 

*,*4409 

144.0UV 

•3,49*09 

*19*09 

•1.39*09 

•9.14*09 

9.M40V 

•114*09 

1.39*09 

1.44*  V 

•14.1*  9 

-lO.lS  9 

719409 

1.44909 

•3.49*09 

4,9*4  9 

1*,*3  9 

4,94*  9 

4.4M  9 

1*.*9  9 

4.944  9 

•oot.tov 

1.4940V 

•14.3*09 

1,41*  9 

14.49  9 

•14.41  9 

4,49*09 

1.19409 

1.79409 

414*09 

•i.n409 

1.1*409 

719*09 

1.44409 

194,4119 

43 
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4 

4.939  V 

•*.00009 

•4.489  9 
•9,34409 
•9,7*409 
•4.49409 
•4.439  V 
•8.49409 
4.444  9 
4.«4»  9- 
•14.4409 
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•7.49409 
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-t«.t3  V 

-o.oao  V 

•9.090  tf 

•10. oa  9 

•10.09  V 

17  mAITKO.*! 

-1.09QHW 
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19.V0OV 

•.90009 

0.90009 
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la 

to. 09  T 

9.090  V 

9.099  T 

10.09  ^ 

9.990  T 

9.900  V 

l«  Itvit 

T70.0MA 

•OO.ONO 

390. UNO 

909.000 

990.000 

190.000 

<•  lltil 

739.0NA 

•00.000 

300.000 

910.000 

999.000 

900.000 

91  IIITI 

799.0HA 

•99.000 

319.0MO 

930.000 

309.000 

900.000 

U  IIIT9 

739.0MA 

•90.000 

319.000 

919.000 

319.000 

909.000 

U  IIIZl 

T09.0NA 

•00.000 

319.000 

910.000 

990.000 

910.000 

9*  IZIZ9 

779.tiMA 

•09.000 

319.000 

909.000 

990.000 

199.000 

n  osca  •« 

•S0.O9MA 

-93.0900 

•19.0900 

•97.3900 

•90.9900 

•19.9000 

9*  oacM  •« 

ST.ooa* 

•0  31.9900 

93.9900 

•0  SO. 9000 

99.0900 

99.30M0 

9r  IMP 

•«3a9M 

0.90900 

•.70900 

0.90900 

0.39900 

4.099M0 

99  taCM 

•a.SOQiiO 

-•.909OO 

••.009O0 

••.93900 

•a.ooooo 

••.MONO 

9«  -ICM* 

00.93  00 

90.00  00 

90.i0  00 

90.99  00 

90.17  00 

93.19'  09 

]•  AKCIMIN 

07.99  00 

07.00  00 

0Q.9*  00 

•0.07  00 

09.39  00 

0*»19  09 

31  OVCMI* 

00.09  00 

•9.«7  00 

•9.00  09 

07.03  00 

07.49  OQ 

09.49  09 

M  «rcM« 

73.19  00 

73.10  00 

73.11  09 

73.03  01 

79.09  09 

79.77  09 

S3  iHtTVW 

11.39  « 

11.00  « 

19.10  V 

11.00  9 

11.99  V 

19.39  V 

sa  «lWTva» 

•11.70  W 

•19.09  9 

-t9.00  V 

•11.79  9 

-19.09  V 

•19.09  V 

39  aw««  19*13 

•990.7U0/V 

•9ia.o«i»/w 

-9ta.3UV/V 

•M4.7U9/V 

.  -QAO.IUV/V 

•999.7UV/9 

3*  MM*ia*l9 

•910.0<l«/« 

•t00.7tiv/v 

•910.0UV/V 

•SOO.OU9/9 

-•09.3UV/V 

•399.0(19/9 

3T  tWP 

a.999M« 

1.0790V 

-•.9990V 

•79.0UV 

9.77909 

0.079N9 

39  TQM 

19.73MO 

4.990OV 

•0.39909 

790. OUV 

9.39009 

9.979M9 

39  Itoa 

39.00MO 

00.0000 

90.0000 

•9.00000 

•9.00000 

•t#.J0«* 

««  izer 

90.00MA 

s.ooooo 

0.000  0 

19.0000 

•lo.oooo 

•9; 099(10. 

•1  IIQZ 

lO.OONA 

19.0000 

O.OOO  0 

9.00000  ' 

0.000  0 

19.99IUb 

«a  S9TMMU 

or9.ow« 

39O.0(IV 

79.00(l» 

390.  Ml» 

-TOO.OIIV 

•1.(991(9 

•3  TQTMM 

199.0U9 

179.9(19 

m^&um 

999.009 

379.0(19 

M  »1IMt 

'4.399M9 

•7.0a9H«. 

••.orgiMo 

■9».90(W 

•Urntmi 

«9  NIM. 

■  ▲AAMOO 

790.0IIV 

•907909 

1 

T 
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Table  4,  (cont,) 


11-34 


«  «  0  C  S1«I«0M0  LINlt  SCI  SUMHM* 


«4««SSSS»  »  »» 1 


tmm  •mmm  •mm  ••••••  •m  •  •mmmmm^rnm 


tmm  •  •  •m 


•  14  •  •«  14  «4  t  •  14  4  44  f  «  •  •  • 

•••«•#••  •••  •••••llflll 


I  I  f  I  f  I  I  I 


•  %  ss  s 


»»»»»»  »^«  «  m  m  >  m  >  mm  m  m  ^ 

sss  s  asssas  cs  sxaaaass 


•  aaa  «••••••  *  •  •  ••ao  • 


m  4 


a  ♦•••••• 

S^tfT • • • T 


la  •  •  •mt 


•  •  •  t  •  •  I 


^^^sxxxsSSx 


i»aaaaaaa  •  •  *0 
•  ••••0»*0a0* 
^mrnmm  •m^^mmmm 

I  •  I  I  •  I  I  I  • 


««l  «  ••  I  ••4  4«t444ff4 
atttltlltflllfltll 


«»»»»>»»>»»»»»»>>>. 


a  V  I 
t  0  0  «  OQ  « 


»  > 

im  X  > 


;  X  X  X  X  s  a  X 


xrxxxxax 


X  •aaaaaaa  •  •aaaaai 


tmmm 


m  a  4  4  ♦ 


•»ia4i  4fa4«a4«  4ta4 
s  ^  **  *  0  *  ^  **  *  a  09  09  a  a  09  a  a  a  * 


I  9 

L  a  V  «•  M 


a«»»»^M0sia0K«v»»MHH«aaaaccvwvwwwww^^aaaasae^ 

«00«0a00000000a0000««"«**40«»MaaaaHKa»4aaaaao««tt«M^ 

axxxroxxxxsxxxexxxx««««MMMM90MM9  4  9  40caaac^««««wK 


Table  4.  (cont. ) 


11-35 


11-36 


a  •  ■  ■  a  iiaOC  4CFC«<«*ce  CCOCt  093«*k.««TiO'^ 
a  a  9HIIWCC  rear  sacct^tcarroii 
a  a  a  a  <;(hC«tC  rTM/eO*MiCMrt 


a»«M  (1  «OC«tCCa 
mna  It  T€ka» 
Cl  »tua 

1 

2  ^aiTtCV**! 

S  «alTt(a«>l 
«  waiTt(«r41 

a  ngro^^ 

It  >«aiTI(«iti) 

7  oaiTU-t*) 
a  aain(«»«) 
a  aaitUat*) 
ta  aaiTtt««*) 
ti  HAivita*-) 

12  M«lT2la>*) 

13  aaiv2(*ta) 
1*  OUTOM 

19  ««IT2(at21 
Ik  aakftl***) 
17  a*l12(t*«l 
!•  aaiT2(atal 
19  tttll 

at  txiM 
at  tMTt 
aa  iitva 
as  xttxt 
at  oset 
as  oaci* 
a*  CSC# 
a?  tao* 

at  •ICMHI 

at 

3«  aTCMNN 
3t  •fCM* 

32  OUTva* 

33  OUTttM 

3t  tSMtlS^lS 
3S  »9M*lt>IS 
3t 

37  rofP 
it  XIOI 
3t  IXOV 
at  itTMtU 
at  t^TMNI 

ta 

as  MNi 


lira 

117* 

-99  C 

as  c 

4 

t 

It. at  V 

tt.t*  V 

•at.atw* 

-«t.«t^« 

•it.tt  « 

•t 

-lt.lt  V 

-at.ttaa 

-at.tSKv 

-ft.atna 

-7S.*t«* 

-at.ttaa 

•as.7si*v 

-It. 12  a 

■« 

-It. IS  V 

-ta.ataa 

-ra.stMV 

t.tas  V 

It.tt  a 

It. at  V 

it.ts  « 

-tta.SMt 

-ta.ttnv 

•It.tt  * 

•a 

-ttat  V 

-tt.ttlM* 

•IS.7S(lt 

-rt.stMt 

•rt.stMv 

-t.MtMt 

-It.tttfV 

•it.ia  a 

•a 

•tt.lt  a 

•7S-tt«« 

•7«.StM« 

it.ta  V 

tt.ta  V 

ttS.tna 

ssa^aa*' 

TM.tM* 
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srt.aM*>  -  * 

t.tstu* 

t»t«asa> 
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at.itM 
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•ta.aaMt/v 
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•« 

ta.tswt 
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•a 
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a-77SH« 
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t 
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It.tt  y 
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It.ts  y 
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at-stMv 

ta.atiM* 
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sa.ttNV 

sa-stMv^ 
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aautMv 
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*t.97  OS 
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•la.tanvyy 

•9t.97Ny 

•tt.asM« 
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» 
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•sa.aSMy 

3 

1*ITt(«,-| 

«to.oa  V 

•la.ot  y 

*tw.os  y 

-a. ass  y 

-a.aas  y 

•ta.ia  y 

% 

•f^a.aoHv 

-la.rsay 

at.aoay 

•i.aoaMy 

•aa.asMv 

•sa.asMy 

3 

ouToaa 

-•S.iS»a 

•ta.asify 

aa.avMv 

la.aaNv 

•t.asaay 

•aa.aSMy 

* 

<t«irt(«,a) 

•aa.aoaa 

•ta.asHy 

ar.aaay 

a.asoMy 

-la.asHy 

•aa.aSMy 

T 

«*l|TI(*,*) 

•ia.«a  V 

•ia«0T  y 

•la.tt  y 

•a.aaa  y 

•la.oa  y 

•ta.ts  y 

« 

*4a.aaM« 

•UOSOMy 

sa.aswy 

aa.aaav 

a.aaaav 

•aa.aaMy 

% 

MAITtt*.*) 

a.aaa  « 

a.asa  y 

ia.at  y 

a.aas-  y 

a.aas  y 

a.ata  y 

Ilf 

4«>Tac>»*) 

a.aiw  V 

a.ats  y 

ia.it  y 

a.aaa  y 

a.aaa  y 

a.aas  y 

It 

^AiTato.-) 

•af.SaMk 

•to.isay 

aS.SSMy 

la.aaay 

•l.kSOMy 

•la.asNy 

14 

M«kTa(*t«) 

•ia.4T  y 

•ta.as  V 

•la.aa  y 

-a.aas  y 

•14.04  V 

•ta.ts  V 

13 

•ai.aswv 

•as.aawy 

Sa.saay 

-s.asaay 

•aa.ooHy 

•sa.ssMy 

t« 
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•aS.aSMV 

-ta.aaav 

Sa.aSay 

la.aaHy 

•r.aSoMy 

•aa.aaNy 

IS 

M*iTa(*ta) 

•aa.aaaa 

-It.Saay 

aS.SSay 

la.tSMv 

a.ooaMv 

•at.aaMv 

1* 

H«iTa(«t*i 

•la.as  V 

•ia.as  V 

•ia.at  y 

•a.aaa  v 

•la.oa  y 

•ta.ia  y 

tr 

H«>ra(a**) 

•ai.aainf 

•aa.aaNv 

as.taMy 

-a.aaam 

-aa.asMy 

•aa.aaNv 

la 

MAITai***) 

a.ats  y 

a.aas  y 

ia.ia  y 

a.asa  y 

a. ass  y 

a.asa  y 

la 

nail 

t.aasua 

aas.asa 

aja.aaa 

aaa.asA 

saa.aaa- 

ass.aoa. 

aa 

ixaia 

t.iaaua 

tas.asa 

sas.^aA 

aaa.aNA 

StS.SNO 

ato^SNO 

at 

tiaai 

t.aaava 

aas.asa 

StS.aaa 

ats.ONA 

sas.oNA 

Aaa.4Nft 

aa 

xiara 

i.aasiM 

aaa.asA 

ass.ONA 

ata.aMA 

sas.oMA 

aoa.aNA- 

aa 

IXI3I 

a.oaaua 

s.aaaua- 

a.asauA 

s.ssauA 

s.aaaua 

S.JSSUA- 

a« 

oaca 

-aT^aMA 

-ai.asMA 

•tJ.aaNA 

•aa.aswA 

•a3.3SMA 

-ts.asMA 

as 

oaci* 

tS.aSMA 

ts.aSMA 

14.ASMA 

ai.asMA 

aa.aaMA  •• 

tft.iaMA 

aa 

xsca 

s.iaaMA 

3.37aMa 

a»tsaNA 

s.aiaiM 

suaaHA 

a.asaMa> 

ar 

xacM 

•S.irSMa 

•S^aassa 

•S.t4SMA- 

•i.asaNA 

^.aoaiM- 

-Ti  mtrr 

aa 

-iCMaa 

aa.aa  a* 

at^  Oft 

aa.aa  ot 

St  .at  00 

at.aa  oft 

aaolftOft 

aa 

•letMM 

a*«ai  o» 

aa.a»  oc  • 

at«a*  Oft 

aftjft  Oft 

aawoi.  Oft 

asfcftftOft 

sa 

■fCMaa 

7a^  M 

7s.as  os 

tt«4ft  Oft 

70.40  Oft 

tSvOftOft 

tOhftftOft 

31 

•fcaaa 

aa.tt  os 

at*aft  Oft  * 

aft.aa>  oft 

aft.4o  Oft 

atat  Oft 

taooft  Oft 

aa 

ottTvaa 

ia*4s  V 

ia.7S  « 

ia»aa  v 

ti.aa  y 

ti.as'  ft 

nuat  y 

M 

uuTva* 

-it.aa  y 

-la.of  V 

•ta.ts  y 

•ii.ts  y 

-ti.at  y 

-t».4a  y 

3a 

asaa.is«ts 

7.«aTHy/y 

•ta.aiMv/v 

•aa.asMv/y 

a.44tHV/V 

•la.asMv/y 

•aa.4SHv/v 

3S 

aaaa,ia*iS 

•ta«S4«a/v 

«aa.aaMv/v 

•si.ASMvyy 

•sa.aaMy/y 

•aa.asnyyy 

•tt.aaiiyyy- 

aa 

loaa 

aa.aa«« 

ti.asHv 

•sa.sasv 

•a.tsasv 

t7.S7My 

aotSSoft 

3» 

Toaa 

SS.asaa 

as.ssMv 

•Sa.aaHy 

•a.sasny 

ia.aa«y 

ss.aswft 

aa 

XXoa  ca. 

aas^asA 

iaa«asA. 

as»aas<a 

aa.aaaA 

it.aa«a 

asuissiio 

sa 

XXOT 

•as.aaaa 

•ts.aasa 

•aa.aawA 

s.aaaua 

a.aaa  a 

a.aaa  a 

«a 

lariMHi 

•is.asMa 

•aumt 

•la.sawy 

ta.j3Mv 

•s.asanv 

at 

TaTMau 

a,aasM« 

7,aaa«y 

a.atSMy 

S.lsaMy 

a.sasav 

t.aasov 

aa 

aiac 

•3t.asHv 

•la.raHa 

•sf.yaiHi 

•at.asHv 

-aa.i awy 

•sa.aaMv 

«a 

MIMC 

t.aasMv 

aas.tu* 

-SUaaNy 

•t.lSOMy 

•i.aasMy 

•s.aasHy 

mum 

a  a  aaoc  acacaf«ic«  COQCt 

ossasL.A«rtoaa 

a  m  Muacf  Ttar  satciaicarioai 

m  m  m 

a  acNtaxe  TTat/cQwic»Ti 

puim 

U  OCVSCfa 

lias 

lias 

iiaa 

iiai 

not 

not 

mum 

(]  TfMa» 

•sf  e 

at  c 

lat  e 

•St  ft 

at  e 

tat  ft 

(1  axkta 

a 

a 

a 

a 

a 

a 

t 

aaiTlUt-) 

s.saa  *. 

ta.as  V 

ta.ia  V 

la.aa  v 

ia.as  V 

la.ia  y 

a 

Main(a««j 

•isuaMV 

t.aaaMV 

as*tSHv 

ia.iSMy 

aa.aaay 

as.sa«v 

a 

HastlXa**) 

•ta»a7  v 

•ts.as  ft 

•ta.aft  y 

•tft.aa  y 

•ta.aa  y 

•CSUft  « 

a 

MasTt(»»ai 

•k*.asM« 

•sa.aauv 

•n.ssMv 

•ta.as«v 

it.aiHft 

a  oaToaa 

■ss^aaws 

•s.aaa«v  ■ 

uumtf 

s,aaaM« 

io.aa«v 

43.00110 

a  Naartfa^a) 

•ss.aa«v 

as.iSMv 

•a.asawy 

•a.aaaov 

tt.tSHO 

7 

naiTK*,*} 

-ia.at  V 

•la.aT  y 

•ia.is  y 

-ta.at  y 

•ta.ao  y 

•ta.ift  y 
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9 

-O.tsooy 

4.09oi*y 

30«*ONV 

10.39Ny 

la.oiNv 

39.4949 

♦ 

4.090  V 

4.4*9  y 

10.0*  V 

0.490  y 

0.040  V 

10.04  V 

to 

4.019  V 

4.449  y 

10.11  V 

0,049  y 

0.000  V 

10.14  y 

11 

-*«ro(o*«i 

•  ta.tOatV 

•o.ooooy 

04.«4Ny 

l.SOOMV 

0.790NV 

04.0049 

u 

»i*itOt*t-) 

•4. 449  V 

•10.09  « 

•10.10  y 

•10.04  y 

•10.09  V 

•10.19  V 

li 

•4t.u4lt« 

•04.*9l«« 

17.00N* 

•14.00H9 

•17.99N9 

9.000NW 

t« 

OmTOM 

-04.iS#V 

•090. ouy 

S1.09My 

3.300N« 

t*,70N9 

•4.90NV 

19 

4.994MV 

•i.T9o»*y 

07.l9Ny 

-iI.tONy 

0.300NV 

*3.094y 

19 

•10.04  y 

•10. OT  y 

•10.19  y 

•10.09  V 

•10.09  V 

•10.19  y 

ir 

xAIVOtO**) 

•4«,9ttl>v 

•0.090«« 

Ol.OONV 

•.•90HV 

i«.09Ny 

94.S0NV 

t« 

4.990  V 

4.409  y 

10.10  V 

0.049  V 

lO.oi  V 

10.19  V 

19 

tttsi 

400.0N4 

930 .OH* 

349.0N* 

1.0t9U* 

t.OTOU* 

939. ON* 

«« 

tltio 

l.OSOu* 

9*9. ON* 

S99.0N* 

1.009U* 

740. ON* 

39*.0N* 

01 

XltTl 

499. 4M4 

9«*.0N* 

399. ON* 

1.440U* 

049. ON* 

*44. ON* 

u 

u»»o 

439. 4N4 

9*9. ON* 

340.VN* 

1.*90U* 

009. ON* 

490. ON* 

OS 

1I«<1 

9.490UA 

9.*90U* 

9.490W* 

9.090U* 

4.100UA 

4.100U* 

0* 

Qtct 

•04.40H4 

•03.90M* 

-19.99N* 

-09.39M* 

•OO.OON* 

•19.104* 

09 

Otci* 

it.nit* 

tt.tOM* 

17. ION* 

00.39W* 

10.004* 

14.704* 

0* 

1K» 

S.119M0 

3.S««** 

9.739M* 

3.949M* 

3.0794* 

4U44N*i 

or 

ISCM 

•S.itOMO 

•3.409W* 

•S.74«M« 

•t.«l9M 

•9.4794A- 

•4.3994* 

09 

-aCMM 

*r.09  00 

0*.*9  00 

49.49  00 

rau«  09 

44.M  09 

4944»09> 

09 

t«.M  00 

49.17  00 

4*U4  OO 

TO.«T  00 

'  09.04  Q* 

44.44yO» 

St 

-rCMt 

rt.M  01 

T*.*«  00 

73.7«  00 

79.01  09 

71.4*  04 

79U*09’ 

31 

*rc«N* 

01.10  00 

OO.OS  00 

00.70  00 

(* 

100.0  00 

74.94  09 

OOia*  0» 

so 

uurvt# 

10.09  V 

11.00  « 

ll.*9  y 

10.49  y 

10.09  y 

11.39  y- 

IS 

OUTTtli 

•tt.«9  y 

•11.39  y 

•11.10  y 

•10.70  V 

•10.44  V 

•lOatMi  9> 

3« 

tSM.  19-13 

u.iSMv/y 

•i*.«9«y/« 

•0S.49My/v 

01.0909/9 

•14J19Nw/y 

•S4%tSM9/9 

J9 

9MN*  lt-19 

•l9.i9My/y 

••1.3311909 

•4t.00H9/9l 

•••.40119/9 

•Or.0449/9 

••iyj9M9/9 

3* 

tW9 

•.*<9M9  . 

•«s.aaH9 

■•mtoomo 

•<•.9744 

•MWMINN 

ST 

TOrt 

•#UT9MV 

4.373110 

•OO^tSINO 

HBJOWO 

•0••l•4«| 

-**.33144 

30 

IXOS 

-tlO.OMO 

-tS.tOM* 

tO.OOM4 

«4 

710.01114 

•*  314.4IH4 

boeUHM* 

3* 

HOT 

OO.OON* 

••.00004 

•9.04MI* 

«0»00«U4 

•It.OMIN 

10.94941 

4« 

-OS.SSMT 

•10.9009 

•tt.TOMO 

•<«.09M9 

•<4.*949 

•1 

TOTMtU 

S.109«<« 

.9.409II9 

9.SMMy 

11.09Ny 

4.0<94V 

4.499914 

«0 

tIHb 

•SO.ttMV 

.1«.3«H9 

•90.19M9 

•S9»17H« 

•S9.«74« 

-44.0999 

•s 

•o.iooMy 

•«««0M9 

•«.1MMV 

••.079H9 

•11.4449 

•t*US99- 

•  a  •  «  «  Moc  «cn*c<iei  cooct  oasauL.AAtton* 

•  m  $OV»Ct  ft«T  9MCtPlCATtQN» 

•  •  «  •  SINflllC  rTM/COlWgMTI 


4**4 

11  DcyxetN 

114< 

U4« 

IIM 

1149 

1149 

1103 

•U44 

11  Tf44» 

-99  e 

09  e 

laa  e 

-39  C 

09  e 

103  e 

11  •tki> 

0 

4 

0 

4 

0 

4 

.•ITK-.-l 

14.09  y 

14.4a  y 

10.07  9 

9.770  V 

it.oa  V 

14.14  y 

••lyil*..) 

Sr.ooNy 

04,0449 

30,3947 

11. *447 

.«,«OONV 

•4.03049 

maitK*.-! 

•10.00  V 

-14,41  9 

•10.00  V 

-4.444  7 

-4,949  y 

•10.10  9 

•AITK*.*) 

01.0999 

•14,1449 

•t4,«99V 

94.9497 

04.494V 

10.3399 

497044 

OO.tONV 

19.4449 

11.4999 

•4.14497 

•14.094V 

•Oa.4099 

4*l7t(««4l 

4.94449 

•14,9999 

•«9.t9M9 

91.4997 

44.94NV 

30.0399 

4*171 (•,♦1 

•14.44  9 

•tt.47  9 

•10.19  9 

•4.444  7 

•4,940  V 

•tO,»  9 

•*171 14**) 

99.9949 

19.4999 

•90.0039 

-4.144117 

-19.09NV 

•00.9099 

M*(T|(«,*) 

9.049  9 

9.999  9 

9.94«  9 

4.494  7 

10.01  y 

10,09  9 

14 

N*aT<C*.*l 

9.909  » 

9.99»  9 

9.990  7 

4.444  7 

10.09  y 

14,14  9 

11 

N«ITtC4«-I 

44.9999 

9.19499 

••-.•0099 

•19,1499 

-•9.S9NV 

••4,9499 

l< 

4*a7aS4»«)  • 

•4*944  9 

•14.09  9. 

•io.ia  9 

<•*••99  9 

-4.974  y 

•14,01.  9 

19 

4*IT«(«.4> 

•9.34999 

••4.<49« 

•14.4099 

41.9999 

94.3999 

i3,9399l 

1* 

097044 

40.499V 

19.0099 

14.7099 

•4.7949V 

•(9.09NV 

•01,4099 

19 

NABtaty.tl 

*4.4999 

9.00099 

10.9099 

9«.a99v 

47.9944 

40,9399 
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Ik  ■«4iYi(>.*) 

•10.42  V 

•10.00  4 

•10.12  V 

•4.440  y 

•10.00  y 

•10.14  y 

tr 

29.49MV 

0.00099 

20.3099 

•700. aU9 

•10.3099 

•22.4099 

19.21  V 

9.9*0  V 

10.20  V 

4.400  y 

10.20  y 

10.12  y 

tf  IlkXt 

430.494 

030.094 

300.294 

1.200U4 

040.094 

030.094 

2«  n<i2 

499.494 

030.094 

3*0.094 

1.1 70U* 

030.094 

000.09* 

21  IIBYI 

449.994 

030. 094 

340.294 

I.IOOUA 

030.294 

910.09* 

22  UBT2 

439.094 

490.094 

340.094 

1.20094 

030.094 

010.09* 

23  tl»3t 

9.900U4 

9.900U4 

0.900U4 

•ft.200U* 

•«.«00U4 

•4.700U* 

2«  OSCB 

•30.1094 

•23.0094 

-10.3094  *4 

•30.3994 

•23.9094 

•10.109* 

29  4SC'* 

2t.l9M4 

20.9094 

19.2094 

22. *094 

21.7094 

20.2*9* 

2*  IBCr 

3.29044 

3.94094 

4.27094 

3.04094 

3.40494 

4.2409* 

2T  (9C» 

•3.32094 

•3.09094 

-4.24094 

•3.*4094 

•3.40094 

•4.2309* 

2»  -*C>»4 

07.29  00 

00.77  Oft 

00.49  Oft 

ftft.Oft  Oft 

07.14  Oft 

00.23  Oft 

29  «aCMMN 

09.09  02 

00.30  Oft 

04.91  Oft 

04.97  Oft 

00.40  Oft 

04.33  Oft 

5<l  •yC**i»*i 

74.19  Oft 

70.47  Oft 

72.70  Oft 

72.02  Oft 

71.30  Oft 

72.24  Oft 

il  *YCMff* 

49.11  Oft 

40.73  Oft 

•*.3*  Oft 

42.10  Oft 

07.47  Oft 

32  uurvse 

11.29  V 

11.3ft  9 

11.4ft  V 

11.4ft  9 

11.3*  9 

lUOft  9 

33  GUrVSM 

•11.99  V 

•lO.ftO  9 

•11.30  9 

-11.30  9 

•11. *0  y 

-11.0*  9 

34  Mmtl9«13 

21.79M9/V 

•433.4119/9 

•7.40399/9 

2*.4ft99/y 

4.07399/9 

-••lft799/y 

39  #WIII*1««19 

•4.47399/9 

-•.32099/9 

1.22799/9 

•3.12099/9 

-«<.4t39«/y 

3ft  tW 

•32.9399 

-19.0499 

•20.4499 

•0.4*49* 

4.02*99 

lOtelftwo 

37  Y0^4 

•4ft.  1*99 

-17.0499 

•t0.9«99' 

11.249* 

2*.lft99- 

3ft.2*99L 

32  IZOI 

•49.0094 

-O.OftOft* 

O.Oftftftft 

3ft. 049* 

1*.0094 

2».ftft9* 

39  1107 

90.0094 

44.0094 

0.ftft094 

-19.009* 

0.00ft  * 

-*.ftftft9* 

49  xrTHftU 

•20.4299 

-27.0499 

-31.3*99 

Oft. 7799 

49.4VIV 

•ft»*ft99 

4l  YrTHftU 

4.47999 

4.92*99 

3.9*ftN9 

0»70ft99 

7.22*99 

•jaS99 

•2  91MC 

•30.7799 

-3ft.7399 

-40.2299 

10.9*99  • 

13.4799 

1ft .a*n¥ 

«3  MIML 

•*.00099 

-«.ftftft99 

•«•  • 

•10.«JH9  • 

Ui.ftft9ft 

10U099 

o*saaot.A«98a^ 

i 

«  soulicK  rear  aMcxptCArxoii* 

•rs  • 

9.  9  a  aiNiaic  rrec/coMMCNTt 

9«(  (]  OfVtCI* 

1104 

1144 

lift* 

lift* 

lift* 

lift* 

m%  (1  rf»w» 

•99  C 

29  e 

It*  e 

-«*  e 

2*  C 

Its  e 

(1  eiu» 

0 

0 

0 

o 

O 

* 

1  4ft«ri(«,«t 

lO.oS  9 

10.0*  9 

lft.14  9 

4.440  9 

4.470  9 

10.42r.  9 

2  M9IVl(a(*l 

29.ft«99 

lft.4«99 

22.0099 

14a09*> 

•.J*ft9ft 

ift.iai* 

3  49IVt(«.»t 

•9.92ft  « 

-4.970  9 

•Ift.ftO  9 

•*•43*  9 

•ft.OOft  9 

1ft.M  s 

«  i*9ivt(«»a) 

04.9999 

44.4««9 

*4.4*99 

2*.2ft99 

13.9ft99 

It.XOHV 

9  Quroew 

14.0099 

94ft.01l9 

••4ft099 

4.1*099 

-«.Sft099 

-«.2ft099 

ft  XftlYKftya) 

72.9«99 

04.ft«99. 

0j.ftft99 

39.4*99 

2ft. 0*99 

14.3*99 

7  49IY1(«,«I 

-9.920  9 

-4.94*  9 

-lft.ft7  9 

-*.43*  y 

-*.47ft  9 

-lft.ft3  9- 

•  M9gTl(«»4) 

19.4099 

2.79099 

•.2*ft99 

11.9ft99 

•0.4*099 

•••4«ft9« 

9  aaiTK***} 

10.03  V 

10.0*  9 

lft.l3  9 

4.40*  9 

4.4*0  V 

4.44S  9 

19  •ftlTK-t-l 

10.09  V 

10.00  9 

tft.l*  9 

4.4ft0  9 

4.47ft  y 

10.01  9 

11  i*«IY2(9»>I 

0.00099 

-7.00499 

•l••«ft99 

3.2*099 

-14.4*99 

•t7.2099 

12  H9ITtC«t-l 

-0.009  9 

-4.94*  9 

-lft.«3  9 

-*.42ft  9 

-*.40*  9 

•lft.ftt  9 

13  »9I7IC*»9) 

02  .*099 

4ft.2ft99 

*1.2099 

2ft.**99 

4.aft099 

••••494 

14  0UT099 

14.2ft99 

t.3ftft99  ' 

9.nft99 

4.ftftft99 

•O.*ft099 

•«.3ft494r 

70.M90  ; 

7ft.SftM« 

7ft.S«9V  - 

47.0*90 

3I.4ft99 

39.2*9* 

1ft  N4IT2(»fft| 

-0.04*  9 

•tft.Oft  9 

•tft.**  9 

-*•40*  * 

-4.44*  9 

•Ift.ftO  9 

17  H487aift««) 

17.0099  . 

2.ft<ft99 

11.0499 

0.ft*ft99 

-ft.0*ft99 

•l.ftftft99 

1ft  444T2Cft»ft| 

lft.ftt  9 

tft.fta  9 

tftUt  9 

4.4«»  * 

4.4*ft  9 

19  tIHt 

OTft.ftlM 

0|*.ftW» 

m.ft9* 

0i*.ft9* 

••*^49* 

M  XMia 

oat^ftMft' 

•  oat.ftdft 

340.09* 

4tft.ft9ft 

0ft«.09* 

21  xxtn 

ft.ftlO«l* 

Oft.ftM*> 

ft*ft.094 

«S».49ft 

Oa*.ft94 

4ftftWft9ft 

21  XX292 
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3.1  INTRODUCTION 

This  section  of  the  report  pertains  to  the  characterization  of  JFET  Analog 
Switches.  Analog  switches  are  very  similar  to  a  standard  mechanical  switch.  They 
have  higher  "on”  resistances  (ohms  vs.  milliohms)  and  cannot  handle  as  much 
current  (milliamps  vs.  amps)  as  their  mechanical  counterpart.  However,  analog 
switches  have  a  longer  switch  life,  are  smaller  in  size,  and  are  more  reliable  and 
faster  (10^  operations/sec  vs.  200  operations/sec).  Table  3-1  lists  the  3FET  analog 
switches  specified  for  MIL-M-38510/lll. 

TABLE  3-1  DEVICE  TYPES 


Device 

Generic 

Manufacturer 

Description 

01 

181A 

Intersil,  Siliconix 

Dual,  30  ohm  SPST  switches 

02 

182  A 

Intersil,  Siliconix 

Dual,  75  ohm  SPST  switches 

03 

184A 

Intersil,  Siliconix 

Dual,  30  ohm  DPST  switches 

04 

185A 

Intersil,  Siliconix 

Dual,  75  ohm  DPST  switches 

05 

187A 

Intersil,  Siliconix 

Single,  30  ohm  SPDT  switches 

06 

188  A 

Intersil,  Siliconix 

Single,  75  ohm  SPDT  switches 

07 

190  A 

Intersil,  Siliconix 

Dual,  30  ohm  SPDT  switches 

08 

191A 

Intersil,  Siliconix 

Dual,  75  ohm  SPDT  switches 

3.2  DESCRIPTION  OF  DEVICE  TYPES 

The  analog  switches  listed  in  Table  3.1  are  either  two  or  four  N-channel 
junction-type  field  effect  transistors  which  operate  as  switches.  The  block 
diagram  representations  are  shown  in  Figure  3.1.  The  devices  are  designed  with  a 
turn-off  time  which  is  faster  than  I  ^  turn-on  time  to  allow  a  break-before-make 
action  when  switching  channels.  The  switch  can  be  activated  by  using  TTL  voltage 
levels  on  the  logic  input  of  the  device.  The  75  ohm  analog  switches  can  handle  a 
+/-  10  volt  signal  and  the  30  ohm  switches  can  pass  a  +/-  7.5  volt  signal  from 
source  to  drain. 

3.3  TEST  DEVELOPMENT 

The  parameters  used  for  characterization  of  the  JFET  analog  switches  are 
listed  in  Table  3-2. 
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D.  Device  Type  07  and  08 


Figure  3t1  Block  Diagram 


TABLE  3-2  CHARACTERIZATION  PARAMETERS 


Parameter 

Drain  to  Source  (ON)  Resistance 
Source  leakage  current  (OFF) 

Drain  leakage  current  (OFF) 

Channel  leakage  current 
Low,  High  level  input  current 

ON  and  OFF  time 

Positive  and  negative  supply  current 
Logic  supply  current 
Reference  supply  current 
charge  transfer  error 
Cross  talk 
Channel  isolation 
Break-before-make  time  delay 

The  testing  of  all  dc  parameters  was  performed  on  a  Tektronix  3270,  and  the 
ac  parameters  were  tested  using  bench-top  test  equipment.  The  manufacturer's 
suggested  detail  specification  formed  the  baseline  for  the  development  of  the  final 
specification.  The  original  parameter  selection  was  supplemented  with  additional 
parameter  categories  as  determined  necessary  following  investigation  of  specific 
system  applications.  The  complete  final  parameter  list  is  representative  of 
manufacturer's  inputs,  application  engineer  requirements  and  specific  Air  Force 
system  surveys.  The  list  of  parameters  which  were  added  to  the  original  suggested 
specification  were  crosstalk,  isolation,  charge  transfer  error  and  break-before¬ 
make  time  delay.  The  static  test  circuit  for  the  above  parameters  is  shown  in 
Figure  3-2. 

3.0  TEST  RESULTS  AND  DISCUSSION 
Drain  to  Source  ON  Resistance  (RDS) 

The  ON  resistance  is  measured  by  applying  the  drain  voltage  and  -10mA  to 
the  source  terminal  as  specified  in  the  slash  sheet.  A  voltage  measurement  is 
performed  on  the  source  pin,  rather  than  determining  the  resistance  directly.  The 
limit  in  the  slash  sheet  is  specified  as  a  voltage  which  correlates  to  the  amount  of 
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resistance.  An  example  of  this  is  RDS  for  device  type  01.  Drain  voltage  is  -7.5 
volts  and  the  limit  on  the  source  voltage  is  -7.8.  If  the  difference  between  the  two 
voltages  is  obtained  and  divided  by  -10mA,  the  30  ohms  maximum  resistance  limit 
is  achieved.  An  example  of  a  data  tabulation  and  reduction  summary  recorded 
from  the  Tektronix  3270  is  shown  in  Figure  3.3.  The  figure  represents  RDS  for  a 
test  sample  of  fifteen  DG190  devices  and  reveals  a  bimodal  distribution.  Th.,  type 
of  distribution  is  common  and  can  be  attributed  to  different  manufacturers  or 
possibly  the  difference  between  off-the-shelf  vs.  vendor  samples.  All  data 
obtained  for  RDS  was  well  within  the  specified  limits. 

Source  (OFF)  leakage  current  (Ig(OFF)) 

For  source  leakage  current  in  the  OFF  state,  set  the  logic  input  to  the 
specified  voltage  in  order  to  open  the  switch  under  test.  Apply  the  appropriate 
voltages  to  the  source  and  drain  and  measure  the  current  into  the  source. 

Drain  OFF  leakage  current  (Ij^(OFF)) 

The  Drain  (OFF)  leakage  current  is  determined  in  the  same  manner  as 
Ig(OFF)  except  the  current  into  the  drain  is  measured. 

Channel  (ON)  leakage  current  Ij^(ON),  Ij(ON) 

Channel  (ON)  leakage  current  is  determined  by  closing  the  switches  and 
applying  a  voltage  to  the  source  and  drain.  The  drain  current  Iq(ON)  is  measured 
on  the  first  switch  and  the  source  current  Ij(ON)  is  measured  on  all  remaining 
switches. 

Input  Current  (Ijj^,  Ij^^) 

The  input  current  is  the  amount  of  current  associated  with  each  logic  input 
line.  Input  low  current  (Ijj^)  is  measured  by  applying  ground  to  the  logic  pin  and 
measuring  the  current.  A  5  volt  input  is  substituted  for  ground  to  measure  input 
high  current  (I|j^). 

Supply  Current  (+/-  I^^) 

The  supply  current  is  the  amount  of  current  present  in  the  positive  and 
negative  supply  terminals.  The  positive  and  negative  supply  currents  are  measured 
with  all  logic  inputs  grounded  and  repeated  with  all  logic  inputs  at  5  volts. 
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Logic  Supply  Current  (I|^) 

The  logic  supply  current  is  the  amount  of  current  flow  into  the  device's  logic 
supply  (Vj^)  terminal  when  it  is  set  to  5  volts.  The  current  is  first  measured  with 
all  logic  inputs  at  ground.  The  second  measure  is  performed  with  all  logic  inputs  at 
5  volts. 

Reference  Supply  Current  (1^^) 

The  amount  of  current  flow  out  of  the  reference  supply  (Vj^)  terminal  of  the 
device  is  measured  for  two  logic  input  conditions.  The  first  is  with  the  inputs 
grounded;  the  second  measurement  is  performed  with  the  logic  inputs  at  5  volts.  In 
both  cases,  the  current  is  measured  with  the  reference  supply  terminal  grounded. 

Charge  Transfer  Error  (Vq-j-£) 

For  charge  transfer  error,  the  source  of  the  switch  is  grounded  and  the  logic 
input  pin  is  clocked  with  a  3  volt  lOQKHz  50%  duty  cycle  pulse.  A  0.01  uf  load  to 
ground  is  placed  on  the  drain  and  the  peak  to  peak  voltage  present  on  the  drain 
terminal  is  measured. 

Cross  Talk 

This  test  is  performed  only  on  devices  which  are  monolithic;  it  does  not  apply 
to  multi-chip  devices.  The  switches  are  placed  in  the  closed  position.  Device  type 
01,  for  example,  is  a  dual  single  pole  single  throw  switch.  For  this  case,  a  1  volt 
peak  to  peak,  lOMHz  square  wave  is  placed  on  source  1,  the  peak  to  peak 
voltage  on  drain  2  is  measured.  The  reading  can  either  be  in  mvp-p  or  dB.  The 
in  dB  is  determined  by  the  following  equation; 

This  test  determines  the  degree  of  coupling  that  exists  between  two  adjacent 
switches  in  a  multi-switch  circuit. 

Channel  Isolation 

To  perform  the  channel  isolation  test,  the  switch  is  placed  in  the  open 
position  and  a  IVp-p  lOMHz  square  wave  is  applied  to  each  source  in  turn.  The 
magnitude  of  the  signal  on  the  corresponding  drain  is  measured;  this  indicates  the 
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ability  of  the  open  switch  to  isolate  between  the  source  and  drain.  The  limit  can 
be  expressed  in  terms  of  mVp-p  or  decibels.  The  in  db  is  determined  by  the 
following  equation: 

Break-Before-Make  Time  Delay  (tj^) 

The  break-before-make  time  delay  is  only  performed  on  device  types  05,  06, 
07  and  08.  The  remaining  device  types  do  not  have  the  proper  switch  configuration 
for  this  test.  The  test  circuit  and  waveforms  for  the  break-before-make  test  are 
shown  in  Figure  3.4.  A  voltage  of  -7.5  is  applied  to  the  source  terminals  of  device 
types  05  and  07  (-10V  is  used  for  device  types  06  and  08).  A  3  volt,  IKHz  square 
wave  with  rise  and  fall  times  less  than  or  equal  to  10ns  is  applied  to  the  logic  input 
terminal.  A  load  of  IK  ohms  in  parallel  with  lOOpf  is  placed  on  the  drain  of  each 
switch.  As  can  be  seen  from  the  figure,  the  break-before-make  time  of  switch  1 
(tj^j)  is  measured  from  the  50%  point  on  the  rising  edge  of  the  logic  input  pulse  to 
90%  point  of  the  output  pulse  (Vq  is  -7.2  volts  for  device  types  05  and  07  and  -9.2V 
for  device  types  06  and  08).  The  measurement  of  tj^^  ‘s  made  from  the  50%  point 
of  the  input  pulse  falling  edge  to  the  90%  point  of  the  switch  2  output  pulse. 

Characterization  of  the  JFET  (DG180  series)  analog  switches  has  revealed 
interesting  information  regarding  the  relationship  between  Tqj^  and  T^pp  of 
opposite  state  switches  being  driven  by  the  same  driver  within  a  package  (break- 
before-make  action).  The  manufacturer's  guarantee  of  break-before-make  action 
was  found  to  be  false  for  all  cases  with  testing  performed  at  -55°C  (action  at  25°C 
was  verified).  It  was  necessary  to  note  this  inconsistency  in  /111  so  that  users 
could  be  made  aware  of  this  difference  in  performance  over  temperature.  The 
problem  arose  from  the  fact  that  while  ^OFF  basically  remained  the  same  across 
temperature,  the  was  progressively  faster  as  the  ambient  temperature  was 

lowered  (Tq^^  approached  T^pp).  The  break-before-make  action  is  shown  in 
Figure  3.5. 

Turn  ON  and  Turn  OFF  time  (Tqj^,  ^qFF^ 

The  measurement  of  and  T^pp  is  shown  in  figure  3.6.  The  ON  and  OFF 
time  is  a  measurement  of  the  amount  of  time  needed  to  switch  the  source  from  0 
to  +Vj  and  from  -V^  to  0,  respectively. 
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3.  For  device  types  01,  03,  OS  «nd  07: 
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For  device  types  02,  04.  06  and  08: 


a. 


b. 
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4.  Driver  Input  1  shell  b«  used  to  test  all  switches  fbr  device  types  03  and  04. 
1  for  device  types  OS  and  06  and  switches  1  and  2  for  device  types  07  and  08. 
Input  2  shall  be  used  to  test  all  switches  for  device  types  01  and  02,  switch 
device  types  05  and  06  and  switches  3  and  4  for  device  types  07  and  08. 
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Figure  3,6  Input-output  waveforms  for  time  delay  tests  -  Continued. 
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The  finalized  electrical  parameters,  conditions  and  limits  for  MIL-M-38510/1 1 1 
are  shown  in  Table  3.3. 

An  example  of  Tektronics  3270  test  data  for  device  type  07  is  shown  in  Table 
3.4.  The  table  reflects  the  data  summary  of  15  devices  at  25°C. 


Special  Problem  Parameters 

Specific  parameters  fell  into  the  category  of  special  problem  parameters 
since  special  consideration  had  to  be  given  in  either  their  measurement  technique 
or  limit  determination.  These  parameters  along  with  their  respective  problem 
areas  are  discussed  in  the  subsequent  paragraphs. 

Switch  leakage  in  the  off  state  is  a  critical  switch  parameter  since  it  is 
representative  of  dc  (or  low  frequency)  isolation  performance.  The  leakage 
parameters  Ig(OFF),  Ij^(OFF),  Iq(ON),  and  I^CON)  exhibited  special  measurement 
problems  at  low  temperatures.  Although  switch  performance  is  capable  of  leakage 
measurements  of  InA  or  less  at  room  temperature,  condensation  (frosting) 
problems  at  -55°C  result  in  leakage  increases  that  must  be  accounted  for  in 
assigning  parameter  limit  values  at  this  temperature.  Typically,  leakage 
performance  increases  as  ambient  temperature  drops.  This  real-world 
manufacturer  testing  problem  resulted  in  considerably  higher  limits  being  assigned 
to  these  leakage  parameters  than  were  assigned  at  room  temperature. 

The  turn-off  time  parameter  (^Qpp)  was  redefined.  The  manufacturer 
originally  suggested  that  the  turn-off  point  be  specified  at  the  10%  mark  on  the 
voltage  curve.  However,  electrical  characterization  of  the  switches  in  question 
showed  that  the  capacitive  load  attached  to  the  switch  output  (drain)  caused  the 
10%  value  to  exist  at  a  point  far  out  on  the  capacitive  "tail"  curve.  Since  this 
capacitive  tail  varies  with  the  capacitive  load  value,  the  switch  is  actually  open 
long  before  this  10%  value  is  achieved.  A  determination  was  made  on  this  basis  for 
the  90%  point  on  the  output  curve  to  be  the  point  of  measurement  for  ^Qpp. 

Charge  transfer  error  (V^pp)  was  not  originally  considered  a  device 
manufacturering  parameter.  However,  characterization  efforts  along  with 
application  considerations  indicate  the  importance  of  this  parameter  in  sample- 
and-hold  as  well  as  other  applications.  Toggling  the  input  driver  causes  voltage 
transitions  at  the  gate  of  the  JFET.  These  transitions  result  in  output  (drain) 


spikes  caused  by  the  gate  to  drain  JFET  capacitance  C 


gd‘ 


The  spiking  is  a  function 


of  the  rise  time  of  the  transitional  voltage  at  the  JFET  gate  and  voltage  division  of 
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Condition* 

VL-*5V,  VR-  GHD  tyCC-115V 


Charaeteriatic 

Symbol 

-55*C  <-  TA  <-  125*0 
Unleaa  otheraiaa  specified 

Oeeice  Type 

Limit  a 

MIN  MAX 

Onita 

Reaiatance 

VD-  -7.5V,  IS— lOaA  1/ 

01,03 

60 

Ohma 

drain*to-aouree(on) 

RDS 

05,07 

VD-  -lOV,  IS-  -lOaA  2/ 

02, OA 

150 

Ohm* 

06,08 

Source  Leakage 

|Bl2liU2£H 

nA 

current  (off) 

♦VCC-  lOV,  -VCC-  -20V  i/ 

VD-  -7.5V,  VS-  ♦7.5V  2/ 

01,03 

-100  100 

nA 

05,07 

VD-  -lOV,  VS-  lOV  2f 

02,04 

-100  100 

nA 

06,08 

Drain  leakage 

VD-  l6v,  VS-  -lOV 

ALL 

-lo6  too 

nA 

current  (off) 

lO(off) 

♦VCC-  lOV,  -VCC-  -20V  2J 

VD-  7.SV,  vs-  -7.5  V  2^/ 

01,03 

-100  100 

nA 

05,07 

VD-  lOV,  VS-  -lOV  2/ 

02,04 

-100  100 

nA 

06,08 

Channel  leakage 

VD-  VS-  -7.5V  2,/ 

01,03 

-200  200 

nA 

current  (on) 

lO(on)* 

05,07 

IS(on) 

VD-  VS-  -lOV  2( 

02,04 

-200  200 

nA 

06,08 

Lov  Level  input 

current 

liL 

VIN-  GHO 

ALL 

-250  -.1 

uA 

High  Level  input 

current 

IIH 

VIH-  5V 

ALL 

-2  20 

uA 

Time  to  turn  on 

tON 

TA-  -55'*C,  25*C 

01.03 

150 

nS 

05.07 

TA-  125^ 

300 

nS 

Tiae  to  turn  on 

CON 

TA-  -55*0,  25“C 

02,04 

250 

nS 

06.08 

TA-  US^C 

350 

nS 

Time  turn  off 

tOFT 

TA-  -SS^C.  25*C 

ALL 

130 

nS 

TA-  125*^ 

200 

nS 

Positive  supply 

VIN-  GNO  and  5V 

01,02 

2.5 

fflA 

current 

♦ICC 

07,08 

05.06 

1.4 

mA 

VIN-  GNO 

03,04 

5 

tnA 

VIN-  5V 

03,04 

1.7 

mA 

Negative  supply 

current 

-ICC 

VIH-  GHO  and  5V 

01,02 

-8 

mA 

07,08 

05,06 

-4.8 

mA 

VIN-  GHD 

03,04 

-8.8 

mA 

VIH-  5V 

03,04 

-6.4 

mA 

TABLE  3.3  Electrical  Paraaeter  Liaita 
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CherActerisCic 

Sysbol 

Conditions 

VL-  ♦SV.  VB-  CUD  iVCC-il5V 
-S5‘’C  <-  TA  <-  125“C 
Unless  otherwise  specified 

Oevice  Type 

Liuits 

KIN  MAX 

Units 

Logic  supply 

IL 

VIN*  GNO  and  SV 

01,02,03 

7 

oA 

current 

04,07,08 

03,06 

5 

■A 

Reference  supply 

IB 

VIM-  GMO  and  SV 

ALL 

-2,2 

■A 

current 

Charge  transfer 

VOTE 

VS-  GMO  TA-  25'’C 

ALL 

20 

bV 

error 

Crosatsllc  between 

vcfp 

f-  lOMHs,  Vgen-  1  Vpp 

channels 

TA-  25®C 

ALL 

60 

dB 

Single  channel 

VISO 

f-  lOMHx,  Vgen-  1  Vpp 

isolation 

TA-  25*C 

ALL 

50 

dB 

Bresk>before*siake 

to 

See  figure  10 

SsT^S 

5 

nS 

tiae  delay 

07,08 

y  For  aonoliehic  devices  only. 

2/  The  snalog  switch  shell  turn  "on"  with  either  s  low  input  (VR<“  VIL  <“  O.aV) 
or  s  high  input  (2V  <■  VIU  <•  VL)  ss  follows. 


Oevice  Type 

VIN 

Switch  On 

Switch  Off 

01,02 

O.aVdc 

1.2 

2.0Vdc 

1,2 

03,04 

0.8Vdc 

««« 

1,2, 3, 4 

2.aVdc 

1.2, 3,4 

05,06 

o.avdc 

2 

1 

2.0Vdc 

1 

2 

07,08 

o.avdc 

3,4 

1,2 

l.UVdc 

1.2 

3.4 

TABU  3.3  (cont.)  Electrical  Paraweter  Uiaics 
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GENERIC  DEVICE  DESCRIPTION  DOt90AP  ANALOG  SWITCH 
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Table  3.4  Data  Tabulation  Summary 


Cgj  and  The  equation  representing  this  action  is  as  follows: 


^Spike  Drain  "  ^JFET  gate  x 

^load 


Measurements  of  this  parameter  have  shown  that  no  significant  difference  in 
spike  amplitude  for  a  given  driver-JFET  switch  combination  exists  across  the 
military  temperature  range.  The  decision  was  made  to  evaluate  this  parameter  at 
25°C  with  the  frequency  of  test  to  be  at  initial  qualification  and  at  six  month 
intervals. 

Single  channel  isolation  (Vj^q)  and  crosstalk  between  channels  were 

not  suggested  by  manufacturers  to  be  included  in  the  final  detail  specification. 
Discussion  with  users  at  JC-41  meetings  and  elsewhere  found  these  parameters  to 
be  of  importance.  measures  the  effectiveness  of  a  single  switch  in  an  open 

state  in  preventing  high  frequency  ac  signals  from  passing  from  source  to  drain. 

Investigation  has  verified  that  an  input  to  output  isolation  of  60db  at  lOMHz 
is  essential  and  achievable  for  the  DG180  family.  A  test  frequency  of 
10 MHz  was  selected  for  the  isolation  test  since  many  users  select  DGl  80  switches 
for  use  in  this  range. 

Finally,  the  break-before-make  parameter  was  added  to  the  detail  specifica¬ 
tion.  For  switches  in  opposite  states  driven  by  a  common  driver,  break-before¬ 
make  action  is  necessary  in  applications  where  the  sources  of  two  switches  cannot 
be  shorted  together.  Characterization  efforts  have  shown  (as  previously  discussed) 
that  break-before-make  action  may  not  occur  at  -55°C  due  to  a  constant  turn-off 
speed  over  temperature  coupled  with  the  decreasing  turn-on  speed  as  it  approaches 
-55°C.  Appropriate  notes  were  added  to  the  final  detail  specification  to  warn  the 
user  of  this  unexpected  action  for  a  component  commercially  advertised  as  having 
break-before-make  capability. 


Limit  Determination 

Upon  completion  of  the  final  parameter  selection  list,  determination  of  the 
electrical  limits  for  the  selected  parameters  was  performed.  Detailed  electrical 
characterization  procedures  are  required  for  meaningful  values  to  be  obtained. 
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The  concerns  for  all  parameter  limits  are  the  same;  (1)  selection  of  limits  which 
are  specific  and  accurately  represent  the  component  capability,  and  (2)  selection  of 
limits  which  will  be  tolerable  for  the  manufacturer  during  device  testing  before 
shipment.  The  intent  of  JC-41  committee  meetings  is  to  allow  adequate  technical 
exchange  to  balance  the  concerns  of  government  and  industry.  The  general 
category  of  parameter  limit  assignment  is  affected  by  the  specific  parameter  in 
question,  along  with  electrical  characterization  findings.  The  capability  of  a 
parameter  to  function  across  the  military  temperature  range,  as  well  as  the  need 
to  perform  wide  temperature  range  measurement,  is  considered  in  the 
determination  of  applicable  parameter  limits.  The  frequency  of  parameter  limit 
testing  (100%,  lot  sample,  etc.)  is  determined  after  limit  selection,  and  is  based  on 
process  variations  that  might  surface  as  part-to-part  or  lot-to-lot  inconsistencies. 

The  general  breakdown  of  parameter  temperature  testing  and  frequency  of 
testing  (defined  above)  is  represented  as  follows; 

(1)  All  dc  electrical  parameters  are  measured  across  the  temperature 

range  on  a  100%  basis.  These  include  ("on”  resistance),  all 

leakages  (^q(ofF)’  ^S(OFF)’  logic  input  current  (Ijj^  and  ,  and 

power  supply  currents, 

(2)  All  ac  parameters  are  measured  at  25°C.  The  following  parameters  are 

tested  at  initial  qualification  and  at  six  month  periodic  inspection 
intervals;  ^CTE  ^charge  transfer  error),  (crosstalk), 

(isolation),  and  Tj^  (break-before-make).  These  parameters  The 

and  Tqpp  ac  parameters  are  measured  100%  at  25°C  and  lot  sample 
tested  at  -55°C  and  125°C.  Refer  to  MIL-M-38510/lll  (Table  2-Page  7 
and  Table  3-Page  29)  and  MIL-5TD-883C  for  numerical  subgroup 
assignments  and  definitions  of  the  respective  subgroup  categories. 

Characterization  Findings 

The  parameter  and  limit  selections  for  the  DG180  JFET  analog  switch  family 
have  been  determined  after  an  exhaustive  in-house  characterization  effort  which 
considered  other  parameters  in  addition  to  those  finally  selected.  Such  areas 
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included  bandpass  capability  of  a  closed  switch  (f+),  "ON"  resistance  variation  as  a 
function  of  analog  signal  voltage,  and  "ON"  resistance  matching  tolerance  of 
switches  within  a  given  package.  These  parameters  have  been  rejected  either 
because  of  their  questionable  interest  to  the  general  population  of  application 
engineers,  or  because  they  are  not  critical  to  device  performance  or  reliability. 

In  addition  to  parameter  selection  and  limit  determination,  the  electrical 
characterization  effort  included  determination  of  burn-in  techniques  as  appropriate 
to  the  total  DG180  3FET  switch  family.  Much  effort  was  spent  in  the  determina¬ 
tion  of  these  techniques  since  the  DG180  JFET  switch  family  represents  the  most 
complex  combination  of  technology  requirements  and  fabrication  procedures. 
Technology  involvement  includes  Standard  Bipolar,  Schottky,  and  MOS  technologies 
appear  on  a  single  chip.  This  is  further  complicated  by  the  fact  that  this  chip 
drives  a  JFET  device.  Considering  the  fact  that  this  microcircuit  is  a  multi-chip 
device  (driver  chips  with  JFET  chips),  extreme  care  must  be  given  to  the  selection 
of  appropriate  burn-in  screening  techniques  to  insure  reliability  for  military 
applications.  The  selected  burn-in  configurations  were  generated  from 
mcinufacturer  input  and  from  results  obtained  from  burn-in  test  configurations  and 
fixtures  developed  in-house. 

3.5  CONCLUSION  AND  RECOMMENDATIONS 

The  analog  switches  from  the  various  vendors  fully  meet  the  requirements  of 
MIL-M-38510/lli  when  tested. 

3.6  BIBLIOGRAPHY 

Intersil  Catalog,  "Hot  Ideas  in  CMOS"  (1983/84). 
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SECTION  IV 


CMOS  Analog  Switches 
MIL-M-38510/105,  /1 16  and  /123 
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4.1  INTRODUCTION 


This  section  of  the  report  pertains  to  the  characterization  of  CMOS 
analog  switches.  The  switches  possess  many  benefits,  among  them  are  fast 
switching  speeds  and  very  low  power  dissipation.  Table  4.1  list  the  analog 
switches  specified  for  MIL-M-38510  /105  /116  and  /123.  The  device  types 
covered  by  these  slash  sheets  are  all  TTL  input  compatible  unless  denoted 
otherwi se. 

TABLE  4.1  DEVICE  TYPES  SPECIFIED 

/  105  MICROCIRCUIT  LINEAR  CMOS  HIGH  LEVEL  ANALOG  SWITCH  WITH  DRIVER 


DEVICE 

GENERIC 

MANUFACTURER 

DESCRIPTION 

01 

5040 

H. 

i.s 

One-Channel , 

75 

ohm. 

SPST 

Swi tch 

02 

5041 

H, 

I,S 

Two-Channel , 

75 

ohm. 

SPST 

Swi tch 

03 

-  5042 

H, 

I.S 

One-Channel , 

75 

ohm. 

SPOT 

Swi tch 

04 

5043 

H, 

I.S 

Two-Channel  , 

75 

ohm 

SPOT 

Swi tch 

05 

5044 

H. 

I.S 

One-Channel , 

75 

ohm 

DPST 

Swi tch 

06 

5045 

H, 

I.S 

Two-Channel , 

75 

ohm 

DPST 

Sw ; tch 

07 

5046 

H, 

I.S 

One-Charnel , 

75 

ohm 

DPDT 

Swi tch 

08 

5047 

H. 

I 

One-Channel , 

75 

ohm 

DPST 

Swi tch 

/  116  MICROCIRCUIT, LINEAR, CMOS  ANALOG  SWITCH  WITH  DRIVER 


DEVICE 

GENERIC 

MANUFACTURER 

DESCRIPTION 

01 

300 

H,I  ,S 

Two-channel  ,  SPST,TT1. 

Input  Compatible 

02 

301 

H,I,S 

One-channel ,  SPOT, TTL 

Input  Compatible 

03 

302 

H,I.S 

Two-channel  ,  DPST, TTL 

Inp  .t  Compatible 
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04 

303 

H.I.S 

Two-channel ,  SPDT.TTL 

Input  Compatible 

05 

304 

H.S 

Two-channel  .SPOT, CMOS 

Input  Compatible 

06 

305 

H.S 

One-channel , SPOT, CMOS 

Input  Compatible 

07 

306 

H.S 

Two-channel .DPST.CMOS 

Input  Compatible 

08 

307 

H.S 

Two-channel , SPOT, CMOS 

Input  Compatible 

/123  MICROCIRCUIT,  LINEAR  CMOS.  NEGATIVE  LOGIC  ANALOG  SWITCH 


DEVICE  GENERIC  MANUFACTURER 


DESCRIPTION 


H.I.S 

H.I.S 


Dual  SPST  Switch 
Quad  SPST  Switch 


*  MANUFACTURER  CODE  :  H-HARRIS 
4.2  DESCRIPTION  OF  DEVICE  TYPES 


I-INTENSIL 


S-SILICONIX 


*•  One  of  the  improvements  that  CMOS  analog  switches  have  over  JFET 
switches  is  that  latch-up  has  been  eliminated.  The  CMOS  analog  switches 
covered  under  MIL-M-38150  /105  possess  an  analog  input  signal  range  of  +/-15 
volts,  very  low  input  and  output  leakage  currents,  and  high  current 
capability  .  The  devices  covered  by  /116  have  low  "on"  resistance  and  a  fast 
switching  time.  Finally,  the  /123  family  devices  are  low  power  and  have 
negative  logic  input.  The  terminal  connections  for  the  device  types  covered 
by  the  three  specifications  are  shown  in  figure  4.1. 


4,3  TEST  DEVELOPMENT 


The  manufacturers'  suggested  detail  specification  were  used  as  the 
baseline  document  for  the  development  of  the  final  generated  military 
specifications:  Additional  parameters  determined  necessary  through  RADC 
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Case 


Device  t 


(ENABLE) 


TOP  VIEW 


TOP  VIEW 


Switch  states  are  for  logic  "1"  input 
(Positive  logic) 


Figure  4.1  cont.  Terminal  Connection  /116 
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Charge ctritcie 


Drain*^ource 
ON  remittance 


Channel  ON 

leakage  current 


CnndLCtona 

Vcc  ■  rl5  V.  CND  -  0  V 
Unleee  otherwiae  specified 


Vd  *«10  V,  Is  •  10  M 
See  figure  S 


CC  ■  1^0  V,  V0  -  7.5  V, 
1$  ■  "lO  See  figure  5 


Vs  •  V0  (Vtfi  -  see  3.4.1) 

See  figure  i 


Vs  •  Vo  JHV  (Vjj,  -  see 
3.4.1)  See  tigure  6 


Vo  •  14  V,  Vs  -  -U 

(VxN  **  Amm  3.4.1)  See  figure  9 


Vo  --14  V,  Vs  •  14  V 

(VxN  '  AAs  3.4.1)  See  figure  9 


Vo  •  14  V,  Vs  •  -14 

(VxH  *  Aee  3.4.1)  See  figure  tO 


Vo  V.  Vs  •  14  V 

(Viff  -  see  3.4.2)  See  figure  10 


V]N  *  0  V  See  figure  6 


VxN  *  5  V  See  figure  S 


VjM  *  15  V  See  figure  8 


VxH  *  0.8  V  See  figure  7 


VxN  •  4  V  See  figure  7 


Vm  •  0  V  See  figure  7 


Vjfj  ■  15  V  See  figure  7 


Negative  supply  current  J-Icc  I'^IN  "  0.8  V  See  figure  7 


Sour<2e  OFF 

Icaksge  current 


Input  current  input  IXX^ 

voltege  lov 


Input  current  input  IXH 

voltege  high 


Positive  supply  current  i^Xcc 


•  4  V  See  figure  7 


jVjfj  ■  0  V  See  figure  7 


IN  "  15  V  See  figure  7 


Sec  footnotes  st  end  of  Csblc. 


Te^ersture 


ITg  -  -55*C,  25*C 
Ta  -  125*C 


Table  ^.2  cent.  Electrical  Parameter  limits  /11(^ 
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Character itcic 
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Switch  "ON"  resistance  R[>c 
(figure  7) 


Source  "OFF"  leakage 
current  (r’yure  8) 


h(CfF) 


Drain  "OFF"  leakage 
current  (figure  9) 


'd(OFF) 


Conditions 

V*  .  15  V.  GND  =  0  V.  V-  =  -lb  V 
unless  otherwise  specified 

Vjn  .  0.8  V 

Vs  .  10  V 

Ijj  s  niA 

Ta  *  -55*c,  +25*C 

Ta  =  125 *C 

Ta  =  l2b*C  1 

V+  =  10  V 

V-  c  -10  V 

Vtu  =  0.8  V 
v!,  =  7.5  V 

1 Q  ■  -1  idA 

QHQQymmiii 

Ta  .  l2b*C 

qqqqqBH 

Ta  a  125 *c 

ViN  -  0.8  V 
Vs  =  -10  V 
1q  s  1  fnA 


^  a  liS'C 


-14  V 

'^0  • 

14  V 

VlH  = 

2.4  V 

Vo  = 

-14  V 

- 

14  V 

''in  = 

2.4  V 

''o  ' 

14  V 

-14  V 

''in  ' 

2.4  V 

a  "  2b’c 


^  .  12b*C 


A  =  -Sb’c 


A  = 


b’C 


7^  =  -5b ‘C 


A  =  2i>‘C 


A  =  12b-C 


=  -5b* 


=  2b* 


A  =  12g*C 


A  =  -5b*C 


Limits 


in 


70  i. 


100 


175 


250 


100 


IbO 


200 


250  s. 


70 


100 


175 


250 


100  nA 


100  nA 


nA 


ICO  nA 


100  nA 


2  nA 


100  nA 


100  nA 


2  nA 


100  nA 


100  mA 


Table  ^.2  cont.  Electrical  Parameter  Limits  /12^ 
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Channel  "0K“  leakaye 
current  (figure  10) 


Low  level  input  current  Iji  U 
(figure  11) 


Conditions 

V*  <  lb  V,  GNO  .  0  V.  V-  .  -lb  V 
unless  otherwise  specified 


VjL  *  0.8  V 
ViH  -  2.4  V 


Ta  .  125'C 


A  *  -S5'C 


1 

Limits 

1 

Onit 

Min 

Max 

-2 

2 

nA 

-200  200  nA 


-200  200  nA 


-200  200  nA 


-200  200  nA 


01.02  -0.5  0.5  mA 

-1.0  1.0 

-1.0  1.0 


High  level  input  current 
(figure  11) 


Supply  current 
(figure  12) 


Supply  current 
(figure  12) 


Capacitance:  address 


Capac  itarice; 
input  switch 


ViL  .  0.8  V  .  2b‘C 

VjN  .  15  V  - - 

E  12b  C 


01,02  -0.5  0.5 

-1.0  1.0 


_!/  Input  current  at  one  input  ri^de. 

Table  ^.2  cont.  Electrical  Parameter  Limits  /123 
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■ 

Test 

Symbol 

Conditions 

V+  .  lb  V,  tihD  =  0  V.  V-  .  -IS  V 

Limits 

Unit 

unless  otherwise  specified 

H 

m 

m 

Capacitance: 
output  switch 

Cos 

ViH  =  5  V 

01,02 

1 

20 

pF 

Off  isolation 

'^ISO 

T/^  =  25*Ci  f  =  390  kHz, 

Vn  ‘  ^  A. 4. 4b) 

01,02 

60 

■ 

dB 

Crosstalk  between 
channels 

VCT 

Ta  «  25*C.  f  *  203  kHz, 

Vyen  =  1  ''P-P  4.4.4b) 

01,02 

60 

■ 

dB 

Charge  transfer  error 

Ta  .  25*C  (see  4.4.4b) 

01,02 

•10 

10 

mV 

Input  test  voltage 

''zap 

C]  «  100  pF,  Rj 
(see  4.5.3) 

>  1.5  ku 

01,02 

400 

■ 

1 

Turn  "ON*  time 

^(ON) 

Cl  .  100  pF 

Ri  .  1  k.. 

(Figure  13) 

Ta  =  126 *C 

01,02 

■ 

600 

ns 

Ta  .  -56‘C,  25*C 

■ 

600 

ns 

Turn  "OFF"  time 

t(OFF) 

Ta  .  145*C 

01,02 

650 

ns 

Ta  .  -Wc,  2b*c 

500 

ns 

1,  ■ . 

Table  4.2  cont. 


El ectri cal 


Parameter  Limits  /123 
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in-house  electrical  characterization  procedures  were  added.  These  are 
crosstalk,  isolation,  charge  transfer  error,  break-before  make  time  delay, 
driver  input  capacitance,  and  switch  input  and  output  capacitances.  The 
final  list  of  tests  for  MIL-M-38510/105,  /116  and  /123  are  shown  in  table 
4.2.  The  tests  for  the  three  specifications  are  basically  the  same,  and  the 
discussion  of  devices  throughout  the  remainder  of  the  report  will  focus  on 
parts  covered  by  MIL-M-38510/116  (300  series).  The  switches  are  placed  in 
either  the  closed  ON"  position  or  the  open  "OFF"  position  using  the  logic 
inputs  voltages  (Vj^)  s^own  in  table  4.3. 

TABLE  4.3  INPUT  LOGIC  THRESHOLDS 


DEVICE  TYPES 

*V 

MN 

SWITCH  "ON" 

SWITCH  "OFF 

01  ,05 

VIL 

1.2 

VIH 

1.2 

02,06 

VIL 

2 

1 

VIH 

1 

2 

03,07 

VIL 

— 

1.2. 3, 4 

VIH 

1,2, 3,4 

04,08 

VIL 

3,4 

1,2 

VIH 

1.2 

3,4 

*v 

in;  device 

types  01-04 

VIL<0.8v  ;  VIH>4v 

device 

types  05-08  VIL<3.5v  ;  VIL>llv 

4.4  TEST  RESULTS  AND  DISCUSSION 

The  parameters  listed  in  table  4.2  for  MIL-M-38510  /116  were  measured 
using  the  following  test  techniques: 
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Drain-Source  ON  Resistance  (RDS) 


Drain  to  source  "ON"  resistance  RDS  is  determined  by  applying  a  +10mA  current 
to  the  source  and  -lOV  to  the  drain.  The  voltage  present  at  the  source 
terminal  is  measured  and  RDS  is  determined  using  the  following  equation: 

RDS  =  (Vg  .  Vo)/10mA 


The  test  circuit  for  "ON"  resistance  is  shown  in  figure  4.2.  The  test  is 
repeated  with  a  source  current  of  -10mA  and  a  drain  voltage  of  +10V.  Each 
switch  within  the  device  is  measured. 

The  variation  of  "ON"  resistance  for  a  closed  CMOS  switch  with  respect 
to  voltage  variation  at  the  source  was  examined.  The  effect  was  very 
pronounced  when  compared  to  that  of  a  OFET  switch  under  the  same  conditions. 
Figure  4.3  displays  the  switch  resistance  variation  by  double  humped  curves 
on  the  graph.  It  can  be  seen  that  the  maximum  resistance  points  are 
generated  as  the  voltages  approach  the  power  supply  limits  {typically  2  to  3 
volts  less  than  the  supplies).  From  figure  4.4  it  can  also  be  seen  that  the 
double  humped  curves  slide  upward  into  increased  resistance  areas  as  the 
power  supply  voltages  drop.  As  the  power  supply  voltages  approach  the  +/-5V 
level,  the  negative  analog  voltage  has  a  more  pronounced  effect  on  the  shape 
of  the  RDS  curve.  For  this  reason  RDS  "ON"  resistance  is  also  tested  with 
the  power  supply  voltages  dropped  from  +/-  15V  to  +/-  lOV  and  a  drain  voltage 
of  +/-7.5V  (source  current  remains  at  +/-  10mA).  The  effect  of  increasing 
temperature  can  be  seen  in  figure  4.3,  therefore  testing  is  also  performed  at 
-55C  and  +125C  to  verrify  the  device  meets  the  specified  limits. 


SOURCE  "OFF"  LEAKAGE  CURRENT 

The  test  circuit  for  source  "OFF"  leakage  current  is  shown  in  figure 
4.5.  The  proper  logic  input  voltage  is  applied  to  maintain  the  switch  in  the 
"OFF"  position  and,  the  current  flow  present  at  the  source  is  measured  with 
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T 


-5 


Va 


'^DSCOfO  ' 


IV 


-HVcc 


1/  Test  conditions  are  from  table  I. 


Fiqure  4.5  l5(0FF)  Test  Circuit 
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14  volts  at  the  drain  and  -14  volts  at  the  source.  Each  switch  is  placed  in 
the  “OFF"  position  and  the  current  measured.  The  test  is  also  done  with  the 
voltage  polarities  of  the  source  and  drain  reversed. 


DRAIN  "OFF"  LEAKAGE  CURRENT  (Io(off)) 

The  drain  "OFF"  leakage  current  is  determined  in  the  same  manner  as  I 

S(OFF)  currentdescribed  above.  The  only  difference  is  the  amount  of  current 
present  at  the  drain  terminal  in  the  "OFF"  switch  is  measured.  The  test 

circuit  is  pictured  in  figure  4.6  . 

CHANNEL  "ON"  LEAKAGE  CURRENT  (lo(oN)) 

The  circuit  used  to  determine  channel  "ON"  current  is  shown  in  figure 
4.7.  The  figure  shows  the  source  and  drain  are  connected  together.  The 
current  into  the  sourced-drain  combination  is  measured  first  with  a  voltage 
of  -14V  applied  to  source  and  drain.  The  measurement  is  repeated  with  -ri4V 
applied.  The  logic  input  voltage  is  such  that  the  switches  are  placed  in  the 
"ON"  position. 


INPUT  VOLTAGE,  HIGH  AND  LOW  CURRENT  (Ij^^ 

Input  voltage  high  current,  Ij^^  measured  at  the  logic  input  terminal 
with  the  source  and  the  drain  open.  The  current  flow  present  is  determined 

with  V^nj  tQ  15  volts  for  device  types  01-08  and  repeated  for  Vjfj  set  to  5 
volts  for  device  types  01-04.  The  input  voltage  low  current  Ijj^  -jg  measured 
with  Vin  set  to  0  volts.  The  test  circuit  is  shown  in  figure  4.8. 

POSITIVE  AND  NEGATIVE  SUPPLY  CURRENT  ( 

The  circuit  used  for  testing  is  pictured  in  figure  4.9.  The  amount  of 
current  at  the  positive  and  negative  supply  terminals  is  measured  with  the 
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1/  Test  conditions  are  from  table  I 


Fiqure  4.7  Ijj(ON)  Test  Circuit 


Figure  4.?? 


IjL  Test  Circuit 


1/  Test  conditions  are  from  table  I. 


Figure  4.9  ilcC  Test  Circuit 


power  supply  voltage  set  to  +15  and  -15  volts^  respectively.  The  test  are 
performed  with  various  logic  input  voltages  shown  in  table  4.2. 


TURN  "ON"  ,  TURN  "OFF"  TIME  ^off) 

In  ordc/  to  make  the  waveforms  repeatable,  a  capacitor  and  resistor  are 
specified  lOr  a  load  on  the  drain  (CL=100pF  includes  jig,  probe  and  stray 
capacitance,  and  RL=lKohms).  For  both  the  tQj^  gnjj  tOFFj^®3S^*'®'''®^Ts  are 
taken  with  the  source  first  set  to  +10  volts,  and  then  -10  volts.  The  logic 
input  waveform  required  to  perform  this  test  is  shown  in  figure  4.10.  The 
"ON"  time  is  measured  from  the  50%  point  of  ^o  the  80%  point  of  Vs;  this 
is  also  true  for  the  "OFF"  time.  The  80%  point  was  chosen  due  to  capacitance 
problems.  If  the  90%  point  is  selected  for  the  tppp  measurement,  automatic 
test  equipment  (ATE)  will  measure  the  first  downslope  of  the  initial  dip 
which  will  not  represent  the  proper  turn-off  time.  This  would  allow  tQpp  to 
appear  better  than  it  actually  is.  The  solution  is  to  select  a  voltage 
measurement  value  further  down  the  curve  and  away  from  the  spiking  situation. 
In  the  process  of  doing  this,  however,  a  trade  off  must  be  made  as  to  how 
much  of  a  capacitive  tail  will  be  acceptable.  Thus,  for  the  purpose  of  ATE 
compatibility,  measurements  are  made  as  high  on  the  curve  as  possible  and 
still  be  a  sufficient  amount  away  from  the  problem  area.  For  these  device 
types  a  voltage  point  of  80%  was  chosen. 

SINGLE  CHANNEL  ISOLATION 

The  test  circuit  is  shown  in  figure  4.11.  The  amount  of  isolation 
afforded  by  the  switch  in  the  "OFF"  state  is  measured  by  appling  a  1  volt 
peak  to  peak,  1  MHz  sinewave  to  the  source  and  determining  the  voltage 
present  across  a  IK  ohm  local  resistor  connected  to  the  drain.  The  isolation 

^'^ISO)  is  determined  using  the  following  equation: 

Viso  =  -  201og  (Vq/Vs) 
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0  V 

OV 

Ov 


V)ti  K 


ORivtR 


Switch  Out 


Switch  Out 

H 

- ''0 


''logic 
t's  •  *‘0 

Vj.  -  10 


t’ON 


''m- 


0.5VIH 


OfilvCft 
— ^  OV 


X 


0V 

V« 


SviitchOuT^ 

—  0  V 


‘'^LOCIC 


•V<«  4  10 


j/ -sv 

Jr  V, 


— ov  ^ 

SWITCH  Out 


)  In 


— H  V)Tf  (•- 


•s 

1.  j, 

r-* 

OAiven 

?  i 

Vj  .  -10  V  for 


orr 


Vj  -  *10  »  for  t| 
V.  •  -10  V  for  t, 


Off 


T)  <  20  ns.  1/ 

•  I  W  sSI. 

•  100  »f  tS(  <1n<l<«t«t  Ust  tnO  jtg  cnpnclUflCt). 


NOTES. 

1.  Tht  look  drivtr  sh«U  htvn  tfin  following  cnnrncttrlstks: 


t.  •  0  »  to  »4  *  for  pnrts  01  • 

''lOClC  ■  ®  *  H  ♦of  ports  05 

k.  Rlsn  liwe  (0.0  V  to  J.6  ¥)  i  10  ns 
foil  tine  (3.6  V  to  0.4  «)  1  10  ns 


04. 


I  Ptrt  typos  01 


Bise  lliw  (1.5  V  to  13.5  V 
Fsll  tlu  (13.5  «  to  1.5  «i 


04 

06 


?.  $•«  3.4.1  for  «ppropri«u  s»itc‘  CL/ndUi&n». 

3.  (Vj)  •  *10  V  -10  »  fo-r 

''SOUMCC  ''s'  '  ''  *™'  -'®  •  ♦“'■  ‘off 

4.  V|  *  *6  V  for  *10  V  condUioit  In  note  3  Above. 

V|  ■  -6  V  for  .|0  V  conotttoA  In  note  3  Above. 


Figure  4.10  Input-output  waveform  for  time  delay  test 
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CROSSTALK  BETWEEN  CHANNELS 

The  setup  for  load  resistors  and  switch  positions  for  this  test  is  shown 
in  figure  4.12.  Crosstalk  determines  the  amount  of  signal  present  on  the 
drain  of  an  open  switch  due  to  a  signal  on  a  closed  switch.  Apply  a  IV  p-p, 

IMHz  sine  wave  to  the  source  of  the  "ON"  switch  and  measure  the  signal  at  the 

drain  of  the  "OFF"  switch  V^^  found  by  the  following  equation: 

^cT  =  -20  log  (Vo/Vs) 

CHARGE  TRANSFER  ERROR 

Charge  transfer  error  indicates  the  amount  of  signal  present  at  the 
drain  of  an  "OFF"  switch  due  to  a  signal  on  the  logic  input  terminal.  The 

test  circuit  input  and  output  waveforms  are  shown  in  figure  4.13.  A  O.OluF 

capacitor  is  placed  on  each  drain  and  a  IKhz  square  wave  (tr<=20ns)  with  a 
voltage  swing  of  0  to  4  volts  for  device  types  01*04  (0  to  15  for  device 
types  05-08)  applied  to  the  logic  input  terminal.  The  measurement  is  made  on 
the  drain  terminal  as  shown  in  figure  4.13. 


BREAK-BEFORE-MAKE  TIME  DELAY  (tpj 

The  test  circuit  and  waveforms  are  shown  in  figure  4.14.  A  load 
resistor  (RL=lKohms)  and  a  load  capacitor  (Cl=  lOOpF)  are  used  on  the  drains 
to  maintain  a  consistent  measurement.  As  can  be  seen  from  the  figure  the 
sources  are  tied  first  to  +10  volts  then  to  -10  volts  and  the  drains  are 
connected  to  the  load.  The  test  is  only  performed  on  device  types  02,04,06 
and  08,  The  voltage  and  timing  requirements  of  the  logic  input  signal  as 
well  as  the  measurement  points  for  tjj  are  pictured  in  the  figure.  The 
break-before  make  time  delay  was  questionable  at  -55C  for  JFET  analog 
switches.  This  is  not  the  case  with  CMOS  switches;  they  exhibit  a  fairly 
constant  time  delay  over  the  military  temperature  range.  Therefore  tp 
only  sample  tested  at  -55C. 
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Fioure  4.11  Isolation  test  circuit. 


Figure  4.12  Crosstalk  test  circuit. 


DRIVER 

f  *  1  kHz 
square  wave 
Tjj  £  20  ns. 


(DRIVER) 


v: 


Figure  4.13  Charge  transfer  error  test  circuit. 
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vx - •v-4 - -Tfev  av \ - /av 


V)r — - -®v-|r  •ev/ •  -av' 


1— 103--|  t-  *04 


CONDITION  A 


CONDITION 


NOTES; 

1 .  •  1  kSl  tSX,  Cj^  ■  100  pf  tSX. 

2.  Tqj.  Tg2>  Tq3  *nd  Tq^  stwU  til  b«  M«surc<t.  These  wasureiiients  shell  epply  only  to 

device  types  02,  04,  06,  end  08.  See  3.4.1  for  SHitch  conditions. 

3.  '^source  ^'^S^  *  '*>''<*<^•0"  *  (•'!  pert  types). 

^SOURCE  ^'^S^  *  B  (ell  pert  types). 

4.  Vjj  ■  +8  If  for  condition  A  (ell  pert  types). 

Vjj  •  >8  V  for  condition  B  (ell  pert  types). 

5.  The  logic  driver  shell  heve  the  following  cherecteristics: 

e.  V.Qcjf  •  0  If  to  +4  If  for  pert  types  01  -  04. 


*L06IC  *  0  V  to  *15  If  for  pert  types  05  -  08. 

Rise  tine  (0.4  V  to  3.6  V)  <  10  ns  ,  .  .  . 

Fell  tiee  (3.6  V  to  0.4  V)  <  10  ns  '  ”” 

Rise  t1«e  (1.5  V  to  13.5  V)  s.  20  ns.  na 

Fell  time  (13.5  V  to  1.5  ¥)  <  20  ns'  05-08 


Fiqure  4.14  Hreak-nefore-Make  Test  Circuit 
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SWITCH  CAPACITANCE  (Cd.CcZ.Cls.CQS) 


The  capacitance  parameters  tested  involved  driver  input 

switch  input  (Cj^)  g^d  switch  output  (Cqs)  capacitances.  They  supply  design 
engineers  with  necessary  information  when  using  the  devices  in  interface 
applications.  The  test  procedures  for  measuring  these  capacitance  values  are 
listed  in  test  method  3012.1  of  MlL-STD-883.  Since  the  measured  values  are 
primarily  a  function  of  the  fabrication  process,  the  tests  are  only  required 
for  initial  qualification  and  for  process  changes  which  affect  these  values. 

4.5  CONCLUSION  AND  RECOMEN DAT 10 NS 

Burn-in  techniques  have  also  been  investigated  for  the  CMOS  switch 
technology.  The  complexity  of  the  CMOS  analog  switch  family  is  far  less  than 
that  of  the  JFET  switch  series  covered  under  MIL-M-38510/105,  /116,  and  /123. 
The  device  types  do  not  contain  multiple  technologies,  nor  are  multi-chip  or 
hybrid  considerations  involved  since  the  devices  are  strictly  monolithic. 
However,  an  in-house  investigation  relating  to  burn-in  techniques  was 
conducted  with  the  results  documented  in  the  MIL-M38510/116  detail 
specification.  The  circuit  shown  in  the  specification  are  the  recommended 
burn-in  circuits.  Both  JFET  and  CMOS  categories  have  static,  dynamic,  and 
accelerated  options  available.  Requirements  directing  the  use  of  the  options 
regarding  qualification  of  devices  for  Classes  B  and  S  are  documented  in  the 
respective  detail  specifications. 

The  problem  of  "ON"  resistance  variation  with  analog  voltage  was 
discussed  at  JC-41.  Although  RADC  verified  this  phenomenon  exists,  it  was 
determined  that  the  process  variations  are  such  that  maintenance  of  process 
control  to  obtain  the  specified  electrical  limits  would  be  impractical  if  not 
impossible.  It  was  decided,  however,  that  inclusion  in  the  detail 
specification  as  a  design  guide  would  be  in  the  best  military  interest.  All 
limits  determined  to  be  accurate  and  reasonable  by  RADC  in-house 
characterization  efforts  are  fully  discussed  and  coordinated  at  JC-41 
meetings. 


lv-30 


4.6  BIBLIOGRAPHY 


1.  Harris  Analog  Book  (1982) 

2.  Intersil  "Hot  Ideas  In  CMOS"  Data  Book  (1983/1984) 

3.  Siliconix  Integrated  Circuits  Data  Book  (1985) 


IV-31 


SECTION  V 


ANALOG  MULTIPLEXERS 
MIL-M-38510/190 


TABLE  OF  CONTENTS 


List  of  Figures 
List  of  Tables 

5.1  Introduction 

5.2  Description  of  Device  Types 

5.3  Test  Development 

5.4  Test  Results  and  Discussion 

5.5  Conclusion  and  Recommendation 

5.6  Bibliography 


Page 

V-ii 

V-iii 

V-1 

V-2 

V-2 

V-7 

V-18 

V-18 


V-i 


LIST  OF  FIGURES 


Figure 

Title 

Page 

5.1 

Functional  Diagram 

V-3 

5.2 

Switching  Time  Test  Circuit 

V-11 

(Address  Input  to  I/O) 

5.3 

Switching  Time  Test  Circuit 

V-13 

(Enable  to  I/O) 

5.U 

Break-Before-Make  Test  Circuit 

V-14 

5.5 

Single  Channel  Isolation  Test  Circuit 

V-16 

5.6 

Crosstalk  Test  Circuit 

V-16 

5.7 

Charge  Transfer  Error  Test  Circuit 

V-17 

V-ii 


LIST  OF  TABLES 


Table 

Title 

Page 

5-1 

Device  Type  Specified 

V-1 

5-2 

Electrical  Parameter  Limits 

V-19 

5-3 

Truth  Tables 

V-6 

V-iii 


5.1 


Introduction 


This  section  of  the  report  deals  with  the  character! zaton  of  CMOS  analog 
multiplexers/deinultiplexers .  This  device  family  is  very  similar  to  the  CMOS 
analog  switch  family.  The  testing  philosophy  is  the  same,  however  test 
implementation  differs  due  to  the  different  function  of  the  microcircuits. 
Table  5.1  lists  tbe  analog  multiplexer/demultiplexer  specified  for 
MIL-M-38510/190C. 

Table  5.1  Device  Types  Specified 


Device 

Generic 

Manufacture 

01 

506,6116 

s,i 

02 

506A 

H 

03 

507,6216 

s,i 

04 

50  7A 

H 

05 

508A 

H 

06 

509A 

H 

07 

508,6108 

s.i 

08 

509,6208 

s,i 

Description 

Single  16-channel  MUX/DEMUX 

Single  16-channel  MUX/DEMUX 
with  overvoltage  protection 

Differential  8-channel  MUX/DEMUX 

Differential  8-channel  MUX/DEMUX 
with  overvoltage  protection 

Single  8-channel  MUX/DEMUX 
with  overvoltage  protection 

Differential  4-channel  MUX/DEMUX 
with  overvoltage  protection 

Single  8-channel  MUX/DEMUX 

Differential  4-channel  MUX/DEMUX 


Manufacturer  code  S-Siliconix  I-Intersil  H-Harris 
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5.2  Description  of  Device  Types 


The  analog  multiplexers/demultiplexers  covered  under  MIL-M-38510/190C 
consist  of  both  single  and  differential  types,  with  or  without  overvoltage 
protection.  The  functional  diagrams  for  device  types  01-08  are  shown  in 
figure  5.1.  The  overvoltage  protected  device  types  (02,04,05  and  06)  are 
capable  of  withstanding  a  continuous  voltage  on  any  input  of  +/-  20  volts 
greater  than  the  supply  voltages.  This  protection  circuitry  should  enable 
the  device  to  withstand  signal  line  surges  from  other  power  supplies  as  well 
as  electro  static  transients. 


5.3  Test  Development 

The  analog  multiplexer  chip  can  be  basically  divided  into  two  building 
blocks,  the  analog  switches  and  the  address  logic.  The  function  of  both  of 

these  blocks  can  be  tested  simultaneously  if  one  considers  the  device  as  16 

separate  switches  with  all  the  outputs  tied  together.  The  only  restriction 
is  that  only  one  switch  can  be  on  at  a  time.  Using  this  model  it  is  possible 
to  measure  the  parameters  listed  in  table  5.2  (see  appendix).  Switch  "ON" 
resistances  and  leakage  currents  for  all  the  channels  are  two  of  the  tests. 
Since  each  switch  is  addressed  for  the  aforementioned  tests,  the  decoding 
logic  has  been  concurrently  checked.  The  truth  table  for  the  logic  is  shown 
in  table  5.3.  Specifically,  the  device  would  fail  the  RDS  test  should  the 
improper  input  be  addressed. 

It  was  decided  for  the  implementation  of  the  switching  time  tests  (Tq[j| 

and  TQpp)-{.|^g-(.  only  switch  1  and  switch  16  would  be  checked.  These  switches 
correspond  to  an  address  input  logic  of  all  "zeros"  or  all  "ones"  (If  the 

device  is  an  eight  bit  mux,  switches  1  and  8  would  be  used).  This  is  the 

worst  case  condition  since  all  of  the  address  lines  have  to  change. 

As  one  would  suspect,  the  break-before-make  test  is  very  important.  It 
has  direct  impact  on  application  (one  would  not  want  two  of  the  inputs 
shorted  together).  This  test  can  be  visualized  by  superimposing  the  turning 
ON  of  switch  1  and  the  turning  OFF  of  switch  16,  and  visa  versa.  The 
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figure  5,1  function#! 


break -before-make  test  is  preformed  at  -550C  on  a  sample  basis.  It  is 
interesting  to  note  that  both  a  plus  and  minus  analog  voltage  is  tested  for 
all  CMOS  switches. 

Another  switching  time  associated  with  the  analog  multiplexer  is  the 
chip  enable.  This  parameter  is  tested  by  pulsing  the  enable  pin  with  the 
address  and  input  voltage  present.  By  monitoring  the  output,  both  the 
functionality  and  speed  of  this  parameter  is  checked. 

The  device  testing  was  primarily  performed  with  an  in-house  Tektronix 
S-3270  Automatic  Test  System  (ATE).  Special  bench  test  set-ups  were 
developed  to  handle  selected  tests  which  could  not  be  implemented  on  ATE 
equipment  due  to  tester  limitations.  Parameters  tested  by  bench  set-up  were 
the  following:  crosstalk,  isolation  and  break -before-make. 


5.4  Test  Results  and  Discussion 

The  parameters  listed  table  5.2  (see  appendix)  were  measured  by  the 
following  techniques: 

Input  Clamping  Voltage  (VjQpQs,  VicneG) 

The  test  is  only  performed  on  the  device  types  with  overvoltage 

protection  (02,04,05  and  06).  For  imA  is  applied  to  the  enable  pin 

and  measure  the  voltage  generated  at  the  enable  pin  is  measured.  The  same 
test  is  also  performed  on  all  of  the  logic  inputs.  The  is 

measured  in  the  same  manner  except  -1mA  is  applied  to  the  enable  and  logic 

pins. 


Input  Leakage  Current  (Ij^  and 

High  level  input  leakage  current  Ij^  -jg  determined  by  applying  4.0  volts 
sequentially  to  each  address  input  and  measuring  the  current  flow  into  the 
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device.  Each  address  input  as  well  as  the  enable  are  measured  with  all 

unused  inputs  grounded.  Low  level  input  current  ^5  measured  in  the  same 

manner  as  with  the  exception  that  0.8  volts  is  applied  sequentially  to 
each  address  input  and  all  unused  address  inputs  are  tied  to  5  volts 


Source  OFF  leakage  Current  (l5(0FF)) 

Source  OFF  leakage  current  is  the  amount  of  current  flow  into  a  switch 

in  the  open  position.  The  l5(Qppj  measurement  is  performed  by  applying  0.8 
volts  to  the  enable  pin  and  +10  volts  to  the  source  being  measured.  All 
remaining  unused  sources  as  well  as  the  drain(s)  are  connected  to  -10  volts. 
Measure  the  current  flow  into  each  OFF  source  sequentially.  The  test  is  also 
performed  with  -10  volts  on  the  mesured  source  and  +10  volts  on  the  remaining 
sources  and  drain(s) . 


Drain  OFF  Leakage  Current  (Id+(0FF).ID-(0FF)) 

The  drain  OFF  leakage  current  is  the  amount  of  current  flow  present  in 
the  drain  while  the  switch  is  in  the  open  position.  The  I^+^Qppjparameter  is 
determined  by  appling  +10  volts  to  the  drain(s),  0.8  volts  to  the  enable, 
-lOv  to  the  sources  and  measuring  the  current  flow  out  of  the  drain.  For  I 

D-(OFF)  thevoltage  on  the  sources  and  drain  are  reversed  and  the  current  flow 
at  the  drain(s)  is  again  measured. 


Drain  ON  Leakage  Current  (Iq^qn}) 

The  ON  leakage  current  is  the  amount  of  current  flow  into  the  drain 
while  the  switch  is  in  the  ON  (closed)  state.  For  connect  the  drain 
and  each  of  the  sources  sequentially  to  10  volts,  with  all  unused  sources 
connected  to  -10  volts.  Measure  the  current  flew  present  at  the  drain  as 
each  switch  is  closed.  The  current  at  the  drain  is  also  measured  with  -10 
volts  applied  to  the  drain  and  active  source  and  +10  volts  applied  to  all 
unused  sources. 
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Overvoltage  Protection  Drain  OFF  Leakage  Current  (Iq(oFF)  overvoltage) 

33  volts  are  sequentially  applied  to  the  sources  and  0  volts  to  the 

drain(s)  for  ^[)+(OFF)overvoltage*  ^^*16  amount  of  current  is  measured  at  the 
drain  with  the  enable  pin  at  0.8  volts  (  this  forces  all  switches  into  the 

opened  state  ).  The  test  is  repeated,  for  lD-(OFF)overvoltage  with  the 
sources  at  -33  volts. 


Positive  and  Negative  Supply  currents  (I+,I-) 

The  positive  and  negative  supply  currents  are  measured  by  appling  0 
volts  to  the  address  lines  and  +5  volts  to  the  enable  pin.  The  power 
supplies  are  set  to  +15  and  -15  volts  and  all  other  terminals  are 
disconnected. 


Standby  Positive  and  Negative  Supply  Currents  (I+SBYtl-SBV) 

The  standby  current  is  determined  by  applying  0  volts  to  the  address  and 
enable  pins,  +15  volts  to  V+,  and  -15  volts  to  V-.  The  amount  of  current  in 
the  V+  and  V-  terminals  is  measured  to  obtain  I+jgy  and  I-SBY * 


Enable,  Address,  Output  and  Input  Switch  Capacitance 

The  power  supplies  V+  and  V-  are  set  to  0  volts  for  all  capacitance 
measurements.  The  test  is  performed  by  measuring  the  capacitance  between  the 
terminal  of  interest  and  ground  using  a  capacitance  bridge  with  a  1  MHz 
sinewave.  The  following  symbols  are  used  for  capacitance: 

-  capacitance  between  the  enable  pin  and  ground. 

-  capacitance  between  the  address  lines  and  ground. 

^OS  "  capacitance  between  the  output(s)  (drain)  and  ground. 

^IS  ”  capacitance  between  the  inputs  (sources)  and  ground. 
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Switch  ON  Resistance  (RDS1,RDS2) 


The  ON  resistance  RDSl  is  determined  by  placing  10  volts  on  each  source 
sequentially  and  forcing  1mA  into  the  drain  for  device  types  01,03  07  and  08 
(lOOuA  for  device  types  02-06).  The  address  logic  is  stimulated  with  the 
values  shown  in  table  5.3  to  activate  each  switch  in  turn,  and  the  voltage 
drop  between  the  active  source  and  drain  is  measured.  The  resistance  is  the 
amount  of  voltage  dropped,  divided  by  the  current  at  the  drain.  The 
measurement  is  also  performed  with  the  source  voltage  equal  to  -10  volts  and 
the  drain  current  at  -1mA  for  device  type  01  ,03,07  and  08,  and  -lOOuA  for  the 
remaining  devices. 

The  ON  resistance  RDS2  is  determined  in  the  same  manner  as  RDSl,  however 
the  power  supplies  are  lowered  from  +/-15  volts  to  +/-10  volts  with  +7.5 
volts  applied  to  the  source  terminals.  The  drain  currents  are  1mA  and  lOOuA 
as  defined  for  the  above  device  types.  The  measurement  is  also  performed 
with  the  source  voltage  at  -7.5  volts. 


Propagation  Delay  Times;  Address  Input  to  I/O  (^ON(A) »tOFF(A) ) 

A  typical  test  circuit  for  device  types  01  and  02  is  shown  in  figure 
5.2.  The  circuits  for  the  other  device  types  are  very  similar  and  will  not 
be  shown.  The  only  difference  is  the  number  of  sources  (inputs)  and  drain(s) 
(outputs).  A  load  resistor  of  IKohm  and  a  capacitor  in  the  range  of  95-200pf 
(large  range  is  needed  for  ATE  equipment)  are  connected  to  the  output(s). 
The  address  lines  are  connected  to  a  signal  source  suppling  a  +4  volt  pulse 
with  transition  times  less  than  20ns.  For  device  types  01  and  02,  switches  1 
and  16  are  used  for  the  test  (  switches  1  and  8  are  used  for  device  types 
03,04,05  and  07  and  switches  1  and  4  for  device  types  06  and  08).  For 
testing,  switch  1  is  set  to  -10  volts,  switch  16  is  set  to  ground,  and  all 
remaining  switches  are  grounded.  A  pulse  is  applied  to  the  address  lines  and 
the  output  pulse  is  recorded.  As  can  be  seen  from  figure  5.2,  -js 
measured  from  the  50%  point  of  the  input  to  the  80%  of  Vc  point  of  the  output 
(Vc  is  the  peak  output  voltage).  The  measurement  for  performed 
from  the  50%  point  of  the  falling  edge  of  the  input  to  the  80%  of  Vc  point  of 
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the  output.  Further  testing  is  performed  with  the  switch  voltages  reversed, 
that  is  switch  1  is  grounded  and  16  is  at  -10  volts.  All  other  switches  are 
grounded. 


Propagation  Delay  Times:  Enable  to  I/O  (toN{EN) .tOFF(EN) ) 

As  in  the  previous  delay  time  measurement  the  output  load  consists  of  a 
IKohm  resistor  and  95  to  200pf  capacitor.  The  address  lines  are  connected  to 
ground  and  a  pulse  is  applied  to  the  enable  pin  using  a  signal  generator,  V 

GEN  at+4V,  and  rise  and  fall  times  <  20nS.  Two  iterations  of  toN(EN)  and  t 

OFF(EN)  areperformed.  The  first  is  with  +10  volts  connected  to  all  of  the 

switch  inputs,  the  second  is  with  -10  volts  connected.  The  test  circuit  for 

the  enable  to  I/O  propagation  delay  is  shown  in  figure  5.3.  The  input  and 

output  waveforms  are  shown  and  it  can  clearly  be  seen  that 

measurement! s  from  the  50%  point  of  to  the  O.SVc  point  of  the  output. 

The  ^oFF(EN)  measurement  is  performed  at  the  same  points  only  on  the  falling 
edge  of  the  output  (10  to  0  volt  transistion) . 


Break-Before-Make  Time  Delay  (t^j 

For  the  break-before-make  time  delay  alKof  the  inputs  of  the  device  are 
connected  to  +10  volts  with  the  address  lines  connected  to  a  +4  volt  pulse 
generated  with  transition  times  less  than  20  nS.  The  output(s)  have  a  IKohm 
load  resistor  as  well  as  a  95-200pf  load  capacitor.  Since  the  inputs  are  at 
the  same  potential,  the  output  waveform  will  contain  a  small  glitch  when  the 
address  lines  are  pulsed;  this  is  the  break-before-  make  delay.  The  test 
circuit  and  waveform  are  shown  in  figure  5.4.  The  delay  time  is  measured  at 
the  90%  point  from  ground,  and  insures  a  uniform  reference  point.  The 
testing  is  repeated  with  -10  volts  connected  to  the  inputs. 


Single  Channel  Isolation  (Vj^g) 


V-12 


This  test  determines  the  amount  of  signal  which  can  leak  from  an  opened 
switch  to  the  output.  For  single  channel  isolation  a  IKohm  load  is  attached 
to  the  outputs,  and  the  address  lines  and  the  enable  are  grounded.  A  one 
volt  peak-to-peak  200KHz  sinewave  is  applied  to  the  inputs  by  the  signal 

generator  The  test  circuit  is  shown  in  figure  5.5.  With  the  enable 

pin  at  0  volts  all  switches  are  in  the  open  state.  The  amount  of  signal 

present  at  the  output(s)  (Vquj)  -jg  measured  and  Vjso  is  determined  by  the 
equation: 

'^lS0=201og(VGEN/V0UT)* 


Crosstalk  Between  Channels  (V^j) 

This  test  indicates  the  amount  of  a  signal  which  passes  from  an  open  to 
a  closed  switch.  The  test  circuit  for  crosstalk  is  shown  in  figure  5.6.  The 
address  lines  are  connected  to  ground  and  a  IKohm  load  is  placed  on  the 
output(s).  The  enable  pin  is  set  to  5  volts;  this  will  activate  switch  1  for 
device  types  01,02,05  and  07  and  switches  1A,1B  for  device  types  03,04,06  and 
08.  A  IKohm  load  is  placed  on  the  active  switch  inputs.  All  remaining 
inputs  are  connected  to  the  sign^  generator  (jy  p.p  eoOKHz  sinewave). 
The  output  peak  to  peak  voltage  -jg  measured  and  Vqj  is  determined  by 

the  following  equation: 

'^CT  =  201og(VGEM/VouT) 


Charge  Transfer  Error 

The  final  test  gives  an  indication  of  the  amount  of  signal  which  can  be 
generated  at  the  output(s)  due  to  a  signal  on  the  address  lines.  The  test 
circuit  is  shown  in  figure  5.7.  In  this  case  the  output  load(s)  consists  of 
a  O.Oluf  capaci tor(s,) .  The  input  of  switch  1  for  device  types  01,02,05  and 
07  (switches  lA  and  IB  for  device  types  03,04,06  and  08)  are  grounded  and  the 
remaining  inputs  are  open.  The  enable  pin  is  set  to  5  volts  and  the  address 
lines  are  connected  to  a  0  to  5  volt  pulse  generator.  The  output  voltage  is 
measured  to  obtain 
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5.5  Conclusions  and  Recommendations 

The  analog  multiplexers/demultiolexers  from  the  various  manufacturers 
fully  meet  the  requirements  of  MIL-M-38510/190C  when  tested. 
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6.1  INTRODUCTION 

This  section  of  the  report  reviews  the  characterization  effort  for  high 
voltage,  high  current  NPN  Darlington  Transistor  Arrays.  Typical  applications  for 
the  2000  series  darlington  transistor  array  are  driving  relays,  solenoids,  lamps,  and 
other  devices  which  have  the  requirement  to  be  driven  from  a  high  voltage,  high 
current  source.  The  2000  series  darlington  transistor  array  is  a  multi-sourced 
device  with  a  high  DOD  system  usage.  Table  I  lists  the  darlington  transistor  arrays 
specified  for  MIL-M-38510/1'^1. 

TABLE  1  TABLE  OF  DEVICE  TYPES  SPECIFIED 


Device 

Generic 

Manufacturer 

Descriotion 

01 

2001 

Sprague 

General  Purpose,  PMOS,  CMOS 

02 

2002 

Sprague 

14  -  25V  PMOS 

03 

2003 

Sprague 

5V,  TTL,  CMOS 

04 

2004 

Sprague 

6  -  15V  CMOS,  PMOS 

05 

2005 

Sprague 

High  Output  TTL 

6.2  DESCRIPTION  OF  DEVICE  TYPES 

The  2000  series  darlington  transistor  arrays  are  comprised  of  seven  bipolar 
silicon  NPN  darlington  pairs  which  function  as  inverters.  As  shown  in  Figure  1,  the 
emitter  of  Q1  is  connected  into  the  base  of  Q2  and  the  collectors  of  Q1  and  Q2  are 
connected  and  brought  out  of  the  package  for  the  user.  The  different  applications 
are  addressed  by  changing  the  components  connected  to  the  base  of  Q1  such  as  the 
7V  zener  diode,  and  10.5K  resistor  for  the  02  device.  Furthermore,  output 
protection  is  achieved  with  the  diodes  connected  to  the  collector  pair. 

6.3  TEST  DEVELOPMENT 

A  list  of  the  darlington  transistor  array  parameters  characterized  for  the 
respective  device  types  are  listed  in  Table  2. 
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TABLE  2  CHARACTERIZATION  PARAMETERS 


Item 

1 

2 

3 

5 

6 

7 

8 
9 

10 


Symbol 

Icex 


Vqe  (sat) 
lysi  (on) 
IlN  (off) 

(on) 


^PLH 


Vhl 


Parameter 

Output  leakage  current 
Collector-emitter  saturation  voltage 
Input  current  (on) 

Input  current  (off) 

Input  voltage  (on) 

DC  forward  current  transfer  ratio 
Clamp  diode  leakage  current 
Clamp  diode  forward  voltage 
Turn-on  delay 
Turn-off  delay 


Test  Philosophy; 

The  approach  to  testing  was  to  test  all  dc  parameters  on  the  LTX77  Analog 
Microcircuit  Test  System  and  the  ac  parameters  on  a  bench  top  test  circuit.  Bench 
testing  of  dc  parameters  was  also  performed  to  prove  correlation. 


Test  Circuits; 

The  static  test  circuits  are  shown  in  Figure  2  and  the  dynamic  test  circuit  is 
shown  in  Figure  3.  All  static  parameters  were  measured  automatically  with  the 
LTX77  Analog  Microcircuit  Test  System.  The  turn-off  delay  and  turn-on  delay 
parameters  were  measured  on  the  bench  with  an  oscilloscope  due  to  the  limitations 
of  the  automatic  test  equipment  utilized. 


VI-3 


^IN(0«(  ) 


Fi>;urc 

♦  50  V 


Figure  2g 


Figure  2f 
OPEN 


|ncrt«v«  in^reiit  olid 
Vjj,  wftfn  i.O  V  record 

Figure  2li 


Figure  2  Transistor  Array  Static  Test  Circuit 
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Figure  3  Transistor  Array  Dvnamic  Test  Circuit 


6A  TEST  RESULTS  AND  DISCUSSION 


For  each  parameter  measured,  the  yields  were  excellent  with  all  data  well 
within  the  specified  limits  of  the  specification. 

Output  Leakage  Current 

The  output  leakage  current  measurement  was  performed  by  applying  50V  to 
open  collectors  of  the  darlington  pair  and  measuring  the  current  across  the 
reverse-biased  junction.  All  the  data  obtained  was  well  within  the  specified  limit 
of  lOuA  (Figure  2a). 

Collector-Emitter  Saturation  Voltage  (sat)) 

The  collector-emitter  saturation  voltage  was  measured  under  three  (3)  differ¬ 
ent  collector  current  conditions  (I^  =  100mA,  200mA,  350mA).  The  specified 
collector  current  and  its  respective  base  current  condition  were  inputted  into  the 
darlington  pair  and  the  voltage  at  the  output  measured  to  verify  that  the  darlington 
driver  was  driven  into  saturation.  All  devices  passed  (Figure  2c). 

Input  Current  On  (Ijj,^  (on)) 

The  ON  input  current  parameter  was  measured  by  applying  a  specified  input 
voltage  and  measuring  the  current  into  the  device.  All  devices  tested  were  well 
within  the  limit  of  650uA,  minimum  and  1350uA  maximum  (Figure  2b). 

Input  Current  Off  (Ijj^  (off)) 

The  OFF  input  current  parameter  was  measured  by  applying  a  known  input 
current  to  the  base  of  the  darlington  pair  and  then  measuring  the  output  voltage  to 
assure  that  the  driver  was  not  in  the  "on"  condition  (I^  =  500uA)  .  If  current 
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measured  on  the  collector  output  was  greater  than  500uA,  the  device  was 
considered  "on”  and  the  part  failed  this  specification.  All  devices  passed  this  test 
(Figure  2e). 

Input  Voltage  (on)  (V^j^  (on)) 

The  input  ON  voltage  was  measured  under  three  different  collector  current 
conditions  (I^  =  200mA,  250mA,  300mA).  The  specified  collector  current  and  the 
respective  input  voltage  were  applied  to  each  driver  and  the  output  voltage  was 
measured.  If  the  output  voltage  measured  was  less  than  or  equal  to  2V,  the  driver 
was  on  and  the  part  passed.  All  device  types  passed  this  parameter  (Figure  2d). 

DC  Forward  Current  Transfer  Ratio  (hpg) 

The  hp£  for  the  darlington  pair  was  measured  by  applying  350mA  to  the  open 
collector  and  varying  the  base  input  until  the  voltage  measured  from  the  collector 
to  emitter  equaled  2V.  The  DC  forward  current  transfer  ratio  (hp^)  was  then 
calculated  by  the  following  equation. 

^FE  " 

Figure  2h  shows  the  test  circuit.  All  devices  passed. 

Clamp  Diode  Leakage  Current  (Ij^) 

The  clamp  diode  leakage  current  was  measured  by  applying  50V  to  the  COM 
node  (pin  9)  and  then  measuring  the  reverse-bias  leakage  current  resulting  from  the 
clamp  diode.  Evaluation  of  the  data  obtained  revealed  that  the  nominal  value  was 
an  order  of  magnitude  less  than  the  specified  limit.  All  devices  passed  this 
parameter.  (Figure  2g) 
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Clamp  diode  forward  voltage  (Vp) 

The  clamp  diode  forward  voltage  was  measured  by  sourcing  350mA  into  the 
collector  of  the  darlington  pair.  The  measured  voltage  across  the  diode  was  the 
clamp  diode  forward  voltage  parameter  (Figure  2f).  All  devices  passed  this 
parameter. 

Turn  ON  Delay  Turn  OFF  Delay 

The  turn  on  and  turn  off  delay  times  were  evaluated  using  Figure  3.  As 
shown  by  the  waveforms  in  Figure  3,  tp}^L  ^PLH  rneasured  from  the  50% 
point  of  the  input  waveform  to  the  50%  point  of  the  output  waveform.  All  device 
types  passed  this  parameter  and  were  on  the  average  of  300ns  faster  than  the 
specified  limit  for  both  the  tpj^^  ^PLH  Parameters. 

6.5  CONCLUSION  AND  RECOMMENDATIONS 

The  data  obtained  for  this  evaluation  showed  that  the  darlington  transistor 
arrays  met  or  were  much  better  than  the  specifications  published  by  the 
manufacturer.  These  devices  should  meet  all  the  requirements  needed  for  a  high 
power  drivers  in  DOD  system  designs. 

6.6  BIBLIOGRAPHY 
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6.7  APPENDIX 

Included  in  the  Appendix  are  examples  of  the  data  obtained  during  the 
characterization  effort.  Data  presented  was  compiled  on  the  LTX77  automatic 
system  and  presented  in  its  long  form  over  all  three  temperatures  of  -55°C,  25°C, 
and  125°C. 
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DEVICE  9911 

DEVICE 

TYPE:  2001 

TEST  1 

• 

1.0 

0.490 

UA 

OUT.  LEAKAGE  CURRENT  [I(CEX)];25  DEG.  C 

1.1 

0.498 

UA 

OUT.  LEAKAGE  CURRENT  [1(CEX)];25  DEC.  C 

1.2 

0.451 

UA 

OUT.  LEAKAGE  CURRENT  [I(CEX)1;25  DEC.  C 

1.3 

0.526 

UA 

OUT.  LEAKAGE  CURRENT  I1(CEX)];25  DEC.  C 

l.A 

0.473 

UA 

OUT.  LEAKAGE  CURRENT  [I(CEX)];25  DEG.  C 

1.5 

0.502 

UA 

OUT.  LEAKAGE  CURRENT  [I(CEX)];25  DEG.  C 

1.6 

0.483 

UA 

OUT.  LEAKAGE  CURRENT  ll(CEX)];25  DEG.  C 

TEST  2 

2.0 

1.276 

V 

V(CE)SAT;1(C)-350MA;I(B)-500UA;25  DEG.  C 

2.1 

1.269 

V 

V(CE)SAT;1(C)-350>1A;1(B)-500UA;2S  DEC.  C 

2.2 

1.261 

V 

V(CE)SAT;1(C)-350MA:1(B)-500UA;25  DEG.  C 

2.3 

1.253 

V 

V(CE)SAT;I(C)-350MA;1(B)-500UA;25  DEG.  C 

2.4 

1.245 

V 

V(CE)SAT;I(C)-350HA;I(B)-500UA;25  DEG.  C 

2.5 

1.263 

V 

V(CE)SAT;I(C)-350MA;I(B)-500UAi25  DEG.  C 

2.6 

1.252 

V 

V(CE)SAT;I(C)-350HA;1(B)-500UA;25  DEG.  C 

TEST  3 

3.0 

1.052 

V 

V(CE)SAT;I(C)-200MA;1(B)-350UA;25  DEC.  C 

3.1 

1.048 

V 

V(CE)SAT;I(C)-200MA;1(B)-350UA;23  DEG.  C 

3.2 

1.043 

V 

V(CE)SAT;1(C)»200MA;1(B)-350UA;25  DEG.  C 

3.3 

1.039 

V 

V(CE)SATjI(C)-200NA:l(B)-350UA;25  DEG.  C 

3.4 

1.034 

V 

V(CE)SAT;I(C)-200MA:I(B)-350UA:25  DEC.  C 

3.5 

1.044 

V 

V(CE)SAT;I(C)-200MA;1(B)-350UA;25  DEG.  C 

3.6 

1-038 

V 

V(CE)SAT;I(C)-200MA;I(B)-350UA:25  DEC.  C 

TEST  4 

4.0 

0.900 

V 

V<CE)SAT;I(C)-100MA;1(B)«250UAj25  DEC.  C 

4.1 

0.897 

V 

V(CE)SAT;I(C)-100MA;1(B)«250UA:25  DEC.  C 

4.2 

0.895 

V 

V(CE)SAT;1(C>-100MA;I(B)«250UA;25  DEC.  C 

4.3 

0.893  V 

V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEC.  C 

4.4 

0.890 

V 

V(CE)SAT;I(C)-100MA:I(B)»250UA-,25  DEC,  C 

4.5 

0.894 

V 

V{CE)SAT;i(C)-100MAjl(B)-250UA;25  DEG.  C 

4.6 

0.892 

V 

V(CE)SAT;I(C)-100MA;I(B)<i250UA;25  DEC.  C 

TEST  6 

6.0 

0.991 

UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 

6.1 

1.313 

UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.2 

0.780 

UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.3 

1.163 

UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.4 

1.322 

UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.5 

0.965 

UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 

6.6 

1.368 

UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

TEST  10 

10.0 

0.702 

UA 

DIODE  LEAKAGE  CURRENT; I( R) ;  25  DEG.  C 

10.1 

0.384 

UA 

DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEG.  C 

10.2 

0.529 

UA 

DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEC.  C 

10.3 

0.559 

UA 

DIODE  LEAKAGE  CURRENT; I(R} ;  25  DEG.  C 

10.4 

0.326 

UA 

DIODE  LEAKAGE  CURRENT ; I ( R) ;  25  DEG.  C 

10.5 

0.331 

UA 

DIODE  LEAKAGE  CURRENT; 1(R) ;  25  DEC.  C 

10.6 

0.532 

UA 

DIODE  LEAKAGE  CURRENT; 1(R) ;  25  DEG.  C 

TEST  11 

11.0 

1.462 

V 

DIODE  FORWARD  VOLTAGE ;V(F);  25  DEG.  C 

11.1 

1.470 

V 

DIODE  FORWARD  VOLTAGE ; V ( F ) ;  25  DEG.  C 

11.2 

1.465 

V 

DIODE  FORWARD  VOLTAGE ; V ( F ) ;  25  DEG.  C 

11.3 

1.456 

V 

DIODE  FORWARD  VOLTAGE; V(F) ;  25  DEG.  C 

11.4 

1.443 

V 

DIODE  FORWARD  VOLTAGE; V(F) ;  25  DEC.  C 

11.5 

1.629 

V 

DIODE  FORWARD  VOLTAGE;V(F) ;  25  DEG.  C 

11.6 

1.452 

V 

DIODE  FORWARD  VOLTAGE; V(F) ;  25  DEG.  C 

Table  3  Sample  Test  Data 
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TEST 


TEST 


TEST 


TEST 


TEST. 


TEST 


TEST 


12 


12.0 

0.7A5 

UA 

OUT 

12.1 

0.805 

UA 

OUT 

12.2 

0.800 

UA 

OUT 

12.3 

0.713 

UA 

OUT 

12. A 

0.6A5 

UA 

OUT 

12.5 

0.620 

UA 

OUT 

12.6 

0.568 

UA 

OUT 

13 

13.0 

13.1 

13.2 

13.3 
13. A 

13.5 

13.6 
lA 

lA.O 

lA.l 

1A.2 

1A.3 

lA.A 

1A.5 

1A.6 

15 

15.0 

15.1 

15.2 

15.3 
15.A 

15.5 

15.6 
17 


1.321 

1.310 
1.308 
1.300 
1.29A 

1.311 
1.302 

1.137 

1.130 

1.129 
1.12A 
1.121 

1.130 
1.125 

1.019 

1.015 

1.015 

1.012 

1.011 

1.015 

1.013 


LEAKAGE 
LEAKAGE 
LEAKAGE 
LEAKAGE 
LEAKAGE 
LEAKAGE 
LEAKAGE 

V(CE)SAT;I(C)- 

V(CE)SAT;I(C)* 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)' 

V(CE)SAT;1(C)* 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)* 

V(CE)SAT;I(C)- 

V{CE)SAT;I(C)* 

V(CE)SAT;I(C)> 

V(CE)SAT;I(C)* 

V(CE)SAT;I(C)- 

V(CE)SAT;I(C)- 

V{CE)SAT;1(C)» 

V(CE)SAT;1(C)- 

V(CE)SAT;I(C)« 

V(CE)SAT;1(C)* 

V(CE)SAT;I(C)- 

V(CE)SAT;:(C)- 

V(CE)SAT;I(C)* 

V(CE)SAT;I(C)- 


CURRENT  ll(CEX)J:-55  DEC.  C 
CURRENT  [I(CEX)j;-55  DEG.  C 
CURRENT  [l(CE.X)l;-55  DEC.  C 
CURRENT  [I(CEX)];-55  DEG.  C 
CURRENT  [I(CEX)J;-55  DEG.  C 
CURRENT  [l{CEX)];-55  DEG.  C 
CURRENT  lI(CEX)];-55  DEG.  C 


■350MA;I(B)- 

■350MA;I(E)' 

>350MA;1(B)' 

'350MA;1CB)' 

■350MA;1(B)> 

■350MA;1(B)' 

'350MA:I(B)- 

'200MA;1(B)' 

'200MA;I(B)' 

200MA;1(B)" 

'200MA;I(B)' 

■200MA;I(B)' 

'200MA;1(B)' 

'200MA;I(B)' 


■850UA;-55  DEG. 
•850UA;-55  DEG. 
•850UA;-55  DEG. 
•850UA;-55  DEG. 
•850UA:-55  DEG. 
■850UA;-55  DEG. 
■850UA;-55  DEG. 

■550UA;-55  DEG. 
■550UA;-55  DEG. 
■550UA;-55  DEG. 
■550UA;-55  DEG. 
■550UA;-55  DEG. 
■550UA;-55  DEG. 
•550UA;-55  DEG. 


■100MA;I(B)-350UA;-55  DEG. 
'100MA;l(B)-350UA;-55  DEG. 
'100MA;1(B)-350UA;-55  DEG. 
■100MAjI(B)-350UA;-55  DEG. 
'100MA;l(B)-350UA;-55  DEG. 
'100MA:I(B)-350UA;-55  DES* 
100HA;I(B)*<350UA;-55  DEC. 


17.0 

1.359 

UA 

INPUT 

CURRENT 

WITH  DEVICE  OFF 

-55 

DEC.  C 

17.1 

1.563 

UA 

INPUT 

CURRENT 

WITH  DEVICE  OFF 

-55 

DEG.  C 

17.2 

1.195 

UA 

INPUT 

CURRENT 

WITH  DEVICE  OFF 

-55 

DEC.  C 

17.3 

1.522 

UA 

INPUT 

CURRENT 

WITH  DEVICE  OFF 

-55 

DEC.  C 

17. A 

1.520 

UA 

INPUT 

CURRENT 

WITH  DEVICE  OFF 

-55 

DEG.  C 

17.5 

1.332 

UA 

INPUT 

CURRENT 

WITH  DEVICE  OFF 

-55 

DEG.  C 

17.6 

1.AA5 

UA 

INPUT 

CURRENT 

WITH  DEVICE  OFF 

-55 

DEG.  C 

il 

21.0 

0.906 

UA 

DIODE 

LEAKAGE 

CURRENT; I(R);  -55 

DEG 

.  C 

21.1 

0.705 

UA 

DIODE 

LEAKAGE 

CURRENT; I(R);  -55 

DEG 

.  C 

21.2 

0.871 

UA 

DIODE 

LEAKAGE 

CURRENT; I(R);  -55 

DEG 

.  C 

21.3 

0.757 

UA 

DIODE 

LEAKAGE 

CURRENT;  I(R);  -55 

DEG 

.  C 

21. A 

0.521 

UA 

DIODE 

LEAKAGE 

CURRENT; I(R):  -55 

DEG 

.  C 

21.5 

0.532 

UA 

DIODE 

LEAKAGE 

CURRENT; I(R);  -55 

DEG 

.  C 

21.6 

0.895 

UA 

DIODE 

LEAKAGE 

CURRENT; I(R);  -55 

DEG 

.  c 

22.0 

1.668 

V 

DIODE 

FORWARD 

VOLTAGE; V(F);  -55 

DEG 

.  c 

22.1 

1.660 

V 

DIODE 

FORWARD 

VOLTAGE ;V(F);  -55 

DEG 

.  c 

22.2 

1.659 

V 

DIODE 

FORWARD 

VOLTAGE;V(F);  -55 

DEG 

.  c 

22.3 

1.639 

V 

DIODE 

FORWARD 

VOLTAGE; V(F);  -55 

DEG 

.  c 

22.  A 

1.632 

V 

DIODE 

FORWARD 

VOLTAGE; V(F);  -55 

DEG 

.  c 

22.5 

1.6A1 

V 

DIODE 

FORWARD 

VOLTAGE; V(F);  -55 

DEG 

.  c 

22.6 

1.6AA 

V 

DIODE 

FORWARD 

VOLTAGE;V(F);  -55 

DEG 

.  c 
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TEST  23 
23.0 

23.1 

23.2 

23.3 

23.4 

23.5 

23.6 

TEST  24 

24.0 

24.1 

24.2 

24.3 

24.4 

24.5 

24.6 
TEST  25 

25.0 

25.1 

25.2 

25.3 

25.4 

25.5 

25.6 

TEST  26 
26.0 
26.1 
26.2 

26.3 

26.4 

26.5 

26.6 

TEST  28 
28.0 
28.1 
28.2 

28.3 

28.4 

28.5 

28.6 

TEST  32 
32.0 

32.1 

32.2 

32.3 

32.4 

32.5 

32.6 
TEST  33 

33.0 

33.1 

33.2 

33.3 

33.4 

33.5 

33.6 


1 

.270 

UA 

1 

.186 

UA 

1 

.186 

UA 

1 

.154 

UA 

1 

.092 

UA 

1 

.075 

UA 

0 

.926 

UA 

1 

.223 

V 

1 

.216 

V 

1 

.203 

V 

1 

.194 

V 

1 

.184 

V 

1 

.196 

V 

1 

.191 

V 

0 

.949 

V 

0 

.945 

V 

0 

.937 

V 

0 

.932 

V 

0 

.927 

V 

0 

.934 

V 

0 

.930 

V 

0 

.756 

V 

0 

.753 

V 

0 

.750 

V 

0 

.747 

V 

0 

.744 

V 

0. 

.748 

V 

0. 

.747 

V 

2. 

.155 

UA 

1. 

.640 

UA 

2. 

.010 

UA 

1. 

,798 

UA 

1. 

.579 

UA 

1. 

.930 

UA 

1. 

.307 

UA 

1. 

.347 

UA 

1. 

046 

UA 

0. 

723 

UA 

0. 

623 

UA 

0. 

832 

UA 

0. 

813 

UA 

0. 

586 

UA 

1. 

651 

V 

1. 

612 

V 

1. 

594 

V 

1. 

574 

V 

1. 

562 

V 

1. 

562 

V 

1. 

376 

V 

OUT.  LEAKAGE  CURKENT  [I(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [l(CEX)l;125  DEC.  C 
OUT.  LEAKAGE  CURRENT  il(CEX)J;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  (I(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  tI(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  lI(CEX)j;125  DEG.  C 

V(CE)SAT;1(C)-350MA;I(B)-500;UA;125  DEC.  C 
V(CE)SAT;1(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA:I(B)-500;UA:125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;1(B)-500;UA;125  DEG.  C 
V(CE)SAT;1(C)-350KA:I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 

V(CE)SAT;I{C)-200MA;1(B)-350;UA;125  DEG.  C 
V(CE)SAT;1(C)-200MA;1(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200KA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350:UA;125  DEC.  C 
V(CE>SAT;1(C)-200MA:I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA:I(B)-350;UA;125  DEC.  C 

V(CE)SAT;I(C)-100MAiI(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;1(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;1(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEC.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEC.  C 
V(CE)SAT;I(C)-100HA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100«A;I(B)-250;UA;125  DEC.  C 

INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEC.  C 

DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 

DIODE  FORWARD  VOLTAGE; V(F) ;  125  DEG.  C 
DIODE  FORWARD  VOLTAGE;V(F);  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; VCF) ;  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  125  DEC.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  125  DEG.  C 
DIODE  FORWARD  VOLTAGE:V(F};  125  DEG.  C 
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device  9912 


DEVICE  TlfPE:  2001 


TEST  1 

1.0  0.492  UA  OUT.  LEAKAGE  CURBENT  [I(CEX)]:25  DEG.  C 

1.1  0.508  UA  OUT.  LEAKAGE  CURRENT  [I(CEX)]:25  DEG.  C 

1.2  0.467  UA  OUT.  LEAKAGE  CURRENT  [I(CEX)]:25  DEG.  C 

1.3  0.499  UA  OUT.  LEAKAGE  CURRENT  [l(CEX}i;2S  DEG.  C 

1.4  0.431  UA  OUT.  LEAKAGE  CURRENT  [I(CEX}];25  DEC.  C 

1.5  0.487  UA  OUT.  LEAKAGE  CURRENT  [I(CEX}];25  DEG.  C 

1.6  0.485  UA  OUT.  LEAKAGE  CURRENT  il(CEX)];25  DEG.  C 

TEST  2 

2.0  1.284  V  V(CE)SAT;1(C)-350MA;I(B)-500UA:25  DEG.  C 

2.1  1.277  V  V(CE)SAT;I(C)-350MA;1(B)-500UA;25  DEG.  C 

2.2  1.255  V  V(CE)SAT;1(C)-350MA:1(B)-500UA;25  DEG.  C 

2.3  1.249  V  V(CE)SAT;1(C)-350MA:I(B)-500UA:25  DEG.  C 

2.4  1.255  V  V(CE)SAT;1(C)-350MA;1(B)-500UA:25  DEG.  C 

2.5  1.252  V  V(CE)SAT;1(C)-350HA;1(B)-500UA;25  DEG.  C 

2.6  1.252  V  V(CE)SAT;1{C)-350MA;I(B)-500UA:25  DEG.  C 

TEST  3 

3.0  1.053  V  V(CE)SAT;I(C)-200MA;I(B)-350UA;25  DEG.  C 

3.1  1.049  V  V(CE)SAT;1(C)-200MA;I(B)-350UA;25  DEG.  C 

3.2  1.041  V  V(CE)SAT;I(C)-200MA;1(B)-350UA;25  DEG.  C 

3.3  1.035  V  V(CE)SAT;I(C)-200MA;I(B)-350UA;25  DEG.  C 

3.4  1.031  V  V(CE)SATjl(C)-200MA;I{B)-350UA;25  DEG.  C 

3.5  1.034  V  V(CE)SAT;1(C)-200MA;1(B)-350UA;25  DEG.  C 

3.6  1.033  V  V(CE)SAT;1(C)-200MA;1(B)-350UA;25  DEG.  C 

TEST  4 

4.0  0.894  V  V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEG.  C 

4.1  0.891  V  V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEC.  C 

4.2  0.886  V  V(CE)SAT;l(C)-100MA;I(B)-250UA;25  DEG.  C 

4.3  0.883  V  V(CE)SAI;I(C)-100MA;1(B)-250UA;25  DEG.  C 

4.4  0.881  V  V(CE)SATjI(C)-100MA;l(B)-250UA;25  DEC.  C 

4.5  0.882  V  V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEC.  C 

4.6  0.881  V  V(CE)SAT;1(C)-100MA;I(B)-2500A;25  DEC.  C 

TEST  6 


6.0  0.873  UA  INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.1  1.088  UA  INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 

6.2  1.209  UA  INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 

6.3  0.918  UA  INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.4  1.270  UA  INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 

6.5  1.032  UA  INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 

6.6  0.798  UA  INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

TEST  10 

10.0  0.978  UA  DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEC.  C 

10.1  0.557  UA  DIODE  LEAKAGE  CURRENT; X(R) ;  25  DEG.  C 

10.2  0.306  UA  DIODE  LEAKAGE  CURRENT; 1(R) ;  25  DEG.  C 

10.3  0.524  UA  DIODE  LEAKAGE  CURRENT; I(R} ;  25  DEG.  C 

10.4  0.570  UA  DIODE  LEAKAGE  CURRENT; I(R} ;  25  DEC.  C 

10.5  0.307  UA  DIODE  LEAKAGE  CURRENT; 1(R> ;  25  DEG.  C 

10.6  0.261  UA  DIODE  LEAKAGE  CURRENT; 1(R) ;  25  DEG.  C 

TEST  11 

11.0  1.695  V  DIODE  FORWARD  VOLTACE;V(F);  25  DEG.  C 

11.1  1.678  V  DIODE  FORWARD  VOLTAGE;V(F);  25  DEG.  C 

11.2  1.669  V  DIODE  FORWARD  VOLTAGE; V(F) ;  25  DEG.  C 

11.3  1.651  V  DIODE  FORWARD  VOLTACE;V(F) ;  25  DEG.  C 

11.4  1.640  V  DIODE  FORWARD  VOLTAGE; V(F);  25  DEG.  C 

11.5  1.641  V  DIODE  FORWARD  VOLTAGE ; V ( F ) ;  25  DEG.  C 

11.6  1.640  V  DIODE  FORWARD  VOLTAGE; V(F) ;  25  DEG.  C 


VI-12 


TEST  12 
12.0 
12.1 
12.2 

12.3 

12.4 

12.5 

12.6 

TEST  13 

13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

13.6 

TEST  14 

14.0 

14.1 

14.2 

14.3 

14.4 

14.5 

14.6 

TEST  15 

15.0 

15.1 

15.2 

15.3 

15.4 

15.5 

15.6 
TEST  17 

17.0 

17.1 

17.2 

17.3 

17.4 

17.5 

17.6 

TEST  21 
21.0 
21.1 
21.2 

21.3 

21.4 

21.5 

21.6 

TEST  22 
22.0 
22.1 
22.2 

22.3 

22.4 

22.5 

22.6 


0.719 

UA 

0.844 

UA 

0.702 

UA 

0.691 

UA 

0.595 

UA 

0.606 

UA 

0.770 

UA 

1.318 

V 

1.311 

V 

1.304 

V 

1.292 

V 

1.292 

V 

1.291 

V 

1.291 

V 

1.129 

V 

1.123 

V 

1.118 

V 

1.111 

V 

1.111 

V 

1.111 

V 

1.111 

V 

1.009 

V 

1.006 

V 

1.002 

V 

0.999 

V 

0.998 

V 

0.998 

V 

0.998 

V 

1.904 

UA 

2.157 

UA 

1.159 

UA 

1.154 

UA 

1.317 

UA 

1.355 

UA 

1.607 

UA 

1.130 

UA 

0.353 

UA 

0.392 

UA 

0.905 

UA 

0.716 

UA 

0.216 

UA 

0.400 

UA 

1.691 

V 

1.677 

V 

1.675 

V 

1.659 

V 

1.655 

V 

1.655 

V 

1.655 

V 

OUT.  LEAKAGE  CURRENT  (I(CEX)];-55  DEC.  C 
OUT.  LEAKAGE  CURRENT  il(CEX)];-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)];-55  DEC.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)1;>SS  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)j;-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  [1(CEX}1:>S5  DEG.  C 
OUT.  LEAKAGE  CURRENT  tl(CEX)i;-55  DEG.  C 

V(CE)SAT;I(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT;X(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT:l(C)-350MA;I(B>-850UA;-55  DEG.  C 
V(CE)SAT;l(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT:I(C)-350MA:l(B)-850UA;-55  DEG.  C 
V(CE)SAT;I{C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT:I(C)-350MA;I(B)-850UA;-55  DEG.  C 

V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;l(C)-200MA;I(B)-550UA;-55  DEC.  C 
V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEC.  C 
V(CE)SAT;l(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;l(C)-200MA;I(B)-550UAi-55  DEG.  C 
V(CE)SAT;l(C)-200MA;I(B)-550UA;-55  DEG.  C 

V(CE)SAT;l(C)-100MA;I(B)-350UA;-55  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG.  C 
V(CE)SAT;1(C)-100MA;1(B)-350UA;-55  DEC.  C 
V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEC.  C 
*^(CE)SAT;I(C)-100MA;I(B)-350UAs-55  DEC.  C 
V(CE)SAT;I(C)-100MA;I{B)-3500A;-55  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEC.  C 

INRJT  CURRENT  WITH  DEVICE  OFF;  -55  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  -55  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 

DIODE  LEAKAGE  CURRENT; I (R) ;  -55  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  -55  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R} ;  -55  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 

DIODE  FORWARD  VOLTAGE;V(F) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE;V(F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE;V(F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE ; V ( F ) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE ; V ( F ) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE ; V ( F ) ;  -55  DEG.  C 


VI-13 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


23 


23.0 

1.500  UA 

23.1 

1.373  UA 

23.2 

1.411  UA 

23.3 

1.266  UA 

23.4 

1.335  UA 

23.5 

1.160  UA 

23.6 

1.173  UA 

24 

24.0 

1.225  V 

24.1 

1.216  V 

24.2 

1.201  V 

24.3 

1.193  V 

24.4 

1.182  V 

24.5 

1.193  V 

24.6 

1.186  V 

25 

25.0 

0.950  V 

25.1 

''  ">5  V 

25.2 

0.935  V 

25.3 

0.930  V 

25.4 

0.924  V 

25.5 

V 

25.6 

0.926  V 

26 

26.0 

0.755  V 

26.1 

0.752  V 

26.2 

0.^^7  V 

26.3 

0.744  V 

26.4 

0.741  V 

26.5 

0.743  V 

26.6 

0.741  V 

28 

28.0 

2.345  UA 

28.1 

2.013  UA 

28.2 

2.322  UA 

28.3 

1.809  UA 

28.4 

1.795  UA 

28.5 

2.019  UA 

28.6 

1.524  UA 

32 

32.0 

1.500  UA 

32.1 

1.056  UA 

32.2 

0.694  UA 

32.3 

0.661  UA 

32.4 

0.990  UA 

32.5 

0.904  UA 

32.6 

0.503  UA 

33 

33.0 

1.660  V 

33.1 

1.621  V 

33.2 

1.606  V 

33.3 

1.584  V 

33.4 

1.571  V 

33.5 

1.571  V 

33.6 

1.388  V 

OUT.  LEAKAGE  CUBSENT  [1(CEX)];I25  DEG.  C 
OUT.  LEAKAGE  CUHRENT  [I(CEX}j:I2S  DEG.  C 
OUT.  LEAKAGE  CUKRENT  [I(CEX}];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [l(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)]:123  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)]:12S  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)];12S  DEG.  C 

V(CE)SAT;1(C)-350MA;I(B)-500;UA:125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;1(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA:I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;l(B)-500;UAjl25  DEG.  C 
V(CE)SAT;I(C)-350HA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT5l(C)-350MA;I(B)«500;UA:125  DEG.  C 


V(CE)SAT:1(C)-200MA:I(B)-3S0;UA;I2S  DEC.  C 
VfCE)SAT;I(C)-200MA:l(B)-350;UA;125  DEG.  C 
V(C£.)SAT;I(C)-200MA;I(B)-350,VA;125  DEG.  C 
V(CE)SAT-I(C)-200MA:I(B)-350;UA;125  DEG  C 
V(CE)SAT:l(C)-7n0MA;l(B)“350-IIA;12';  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)«350;UAjl25  DEG.  C 
V(CE)SAT;T(C)-200MA;I(B)-350;UA;125  DEG.  C 

V(CE)SAT;I(C)-100MA;I(B>-250;UA;X25  DEG.  C 
V(CE)SAT;I(C)-X00MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-IOOMA;I(B)-250;UA:125  DEC.  C 
V(CE)SAT;I(C)-100MA;1(B)«»250;UA;125  DEG.  C 
V(CE}SAT;1(C)-100HA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100HA;I(B)»250;UA;125  DEG.  C 
V(CE)SAT:I(C)-100tlA;l(B)>'250;UA;12S  DEC.  C 


INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 


DIODE  LEAKAGE  CURRENT;I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT;I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT;I(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R} ;  125  DEG.  C 


DIODE  FORWARD  VOLTAGE; V(F) ; 
DIODE  FORWARD  VOLTAGE; V(F}; 
DIODE  FORWARD  VOLTAGE ; V ( F } ; 
DIODE  FORWARD  VOLTAGE; V(F) ; 
DIODE  FORWARD  VOLTAGE ; V ( F ) ; 
DIODE  FORWARD  VOLTAGE; V(F): 
DIODE  FORWARD  VOLTAGE; V(F); 


125  DEG.  C 
125  DEG.  C 
125  DEG.  C 
125  DEG.  C 
125  DEG.  C 
125  DEG.  C 
125  DEC.  C 


VI-14 


DEVICE  1672 


DEVICE  TYPE:  2002 


TEST  1 
l.O 
1.1 
1.2 

1.3 

1.4 

1.5 

1.6 
TEST  2 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 
TEST  3 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 
TEST  4 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

TEST  5 
5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

TEST  6 

6.0 
6.1 
6.2 

6.3 

6.4 

6.5 

6.6 

TEST  7 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 


0.640  UA 
0.519  UA 
0.623  UA 
0.615  UA 
0.678  UA 
0.598  UA 
0.583  UA 

1.434  V 
1.360  V 
1.367  V 
1.374  V 
1.427  V 
1.346  V 
1.382  V 

1.146  V 
1.105  V 
1.108  V 
1.112  V 
1.141  V 
1.097  V 
1.116  V 

0.955  V 
0.935  V 
0.936  V 
0.938  V 
0.951  V 
0.931  V 
0.940  V 

926.576  UA 

950.326  UA 
921.826  UA 

912.326  UA 
912.326  UA 
939.638  UA 
932.514  UA 

1.455  UA 
1.093  UA 
1.457  UA 
0.982  UA 
0.939  UA 
1.239  UA 
0.807  UA 

1.343  V 
1.297  V 
1.302  V 
1.305  V 
1.337  V 
1.287  V 
1.310  V 


OUT.  LEAKAGE  CURRENT  [1(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)]j25  DEC.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)J;25  DEG.  C 
OUT.  LEAKAGE  CURRENT  {l(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)1;25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [l(CEX)];25  DEG.  C 

V(CE)SAT:I(C)-350MA;I(B)«500UA;25  DEG.  C 
V(CE)SAT;I(C)»350MA;I(B)-500UA;25  DEG.  C 
V(CE)SAT:I(C)-350MA;I(B)-500UA;25  DEG.  C 
V(CE)SAT;I(C)»350MA;I(B)-500UA;25  DEC.  C 
V(CE)SAT;I(C)-350MA:I(B)-500UA;25  DEG.  C 
V(CE)SAT;I(C)-350MA;1(B)-500UA;25  DEG.  C 
V(CE)SAT;1(C)-350MA;I(B)«500UA;25  DEC.  C 

V(CE)SAT;1(C)-200MA;I(B)“350UA;25  DEG.  C 
V{CE)SAT;1(C)-200MA;I(B)-350UA:25  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)»350UA;25  DEG.  C 
V(CE)SAT;1(C)-200MA;I(B)«350UA;25  DEC.  C 
V(CE)SAT;1(C)-200MA;1(B)-350UA;25  DEG.  C 
V(CE)SAT;1(C)-200MA;I(B)«350UA;25  DEG.  C 
V(CE)SATsI(C)-200MA;I(B)»350UA;25  DEG.  C 

V(CE)SAI;I(C)-100MA;I(B)«250UA;25  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)«250UA;25  DEG.  C 
V(CE>SAT}I(C)-100MAil(B)*>250UA;25  DEG.  C 
V(CE)SAT;1(C)-100MA:1(B)«250UA;25  DEG.  C 
V(CE)SAT;I(C)-100MA;1(B)-250UA;25  DEC.  C 
V{CE)SAT;I(C>-100MA;1(B)-250UA;25  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OS;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG,  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

VOLT.  AT  INPUT;  V(1N)0N-11.8V;  25  DEG.  C 
VOLT.  AT  INPUT;  V{IN)0N-11.8V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(1N)0N-11 .8V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-11.BV;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-11 .BV;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)ON-ll .8V;  25  DEG.  C 
VOLT,  AT  INPUT;  V(IN)0N-11.8V;  25  DEG.  C 


VI-15 


TEST 


8 

8.0 
8.1 
8.2 

8.3 

8.4 

8.5 

8.6 
TEST  9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

TEST  10 

10.0 
10.1 
10.2 

10.3 

10.4 

10.5 

10.6 

TEST  11 

11.0 
11.1 
11.2 

11.3 

11.4 

11.5 

11.6 

TEST  12 

12.0 
12.1 
12.2 

12.3 

12.4 

12.5 

12.6 

TEST  13 

13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

13.6 

TEST  14 

14.0 
14.1 
U.2 

14.3 

14.4 

14.5 

14.6 


1.478  V 
1.419  V 
1.425  V 
1.432  V 
1.472  V 
1.408  V 
1.437  V 

1.614  V 
1.545  V 
1.550  V 
1.555  V 
1.607  V 
1.531  V 
1.564  V 

1.002  UA 
0.954  UA 
0.813  UA 
0.348  UA 
0.394  UA 
0.775  UA 
0.721  UA 

1.844  V 
1.571  V 
1.564  V 
1.558  V 
1.566  V 
1.535  V 
1.539  V 

2.750  UA 
2.737  UA 
2.871  UA 
2.891  UA 
2.811  UA 
2.980  UA 
3.096  UA 

1.446  V 

1.397  V 

1.398  V 
1.401  V 
1.428  V 
1.389  V 
1.414  V 

1.205  V 
1.180  V 

1.180  V 

1.181  V 
1.196  V 
1.175  V 
1.189  V 


VOLT.  AT  INPUT;  V(IN)ON-12.4V;  25  DEC.  C 
VOLT.  AT  INPUT;  V(IN)0N-12 .4V;  25  DEG.  C 
VOLT.  AT  INPUT;  V( IN) ON- 12.4V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-12.4V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-12.4V;  25  DEC.  C 
VOLT.  AT  INPUT;  V(IN)0N-12.4V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-12.4V;  25  DEG.  C 

VOLT.  AT  INPUT;V{IN)0N-13V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-13V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)ON-13V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-13V;  25  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-13V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-13V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)ON-13V;  25  DEG.  C 

DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R);  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R);  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  25  DEG.  C 

DIODE  FORWARD  VOLTAGE;V(F) ;  25  DEG.  C 
DIODE  FORWARD  VOLTACE;V(F) ;  25  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  25  DEG.  C 
DIODE  FORWARD  VOLTAGE ; V(F ) ;  25  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  25  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  25  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  25  DEC.  C 

OUT.  LEAKAGE  CURRENT  lI(CEX)J;-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  lI(CEX)];-55  DEC.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)];-55  DEC.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)j;-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  (I(CZX));-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  il(CEX)j;-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  ilCCEX)];-55  DEG.  C 

V(CE)SAT;I(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350UA;ICB)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-850LA;-55  DEC.  C 
V(CE)SAT;I(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350UA;I(B)-850UA;-55  DEG.  C 

V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200mi;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-550L’A;-55  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 


VI-16 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


15 

15.0  1.049  V  V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG.  C 

15.1  1.036  V  V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG.  C 

15.2  1.036  V  V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEC.  C 

15.3  1.037  V  V(CE)SAT:I{C)-100MA;I(B)-350UA;-55  DEG.  C 

15.4  1.044  V  V(CE)SAT;I(C)-100KA;I(B)-350UA;-55  DEG.  C 

15.5  1.034  V  V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG.  C 

15.6  1.041  V  V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG.  C 


16 


16.0 

1013.262  UA 

INPUT 

16.1 

1013.262  UA 

INPUT 

16.2 

971.700  UA 

INPUT 

16.3 

988.325  UA 

INPUT 

16.4 

997.825  UA 

INPUT 

16.5 

980.013  UA 

INPUT 

16.6 

980.013  UA 

INPUT 

17 

17.0 

3.537  UA 

INPUT 

17.1 

3.327  UA 

INPUT 

17.2 

3.226  UA 

INPUT 

17.3 

3.358  UA 

INPUT 

17.4 

2.979  UA 

INPUT 

17.5 

3.825  UA 

INPUT 

17.6 

3.459  UA 

INPUT 

18 

18.0 

1.350  V 

VOLT. 

18.1 

1.321  V 

VOLT. 

18.2 

1.322  V 

VOLT. 

18.3 

1.324  V 

VOLT. 

18.4 

1.340  V 

VOLT. 

18.5 

1.315  V 

VOLT. 

18.6 

1.331  V 

VOLT. 

19 

19.0 

1.464  V 

VOLT. 

19.1 

1.431  V 

VOLT. 

19.2 

1.432  V 

VOLT. 

19.3 

1.435  V 

VOLT. 

19.4 

1.456  V 

VOLT. 

19.5 

1.425  V 

VOLT. 

19.6 

1.445  V 

VOLT. 

20 

20.0 

1.582  V 

VOLT. 

20.1 

1.543  V 

VOLT. 

20.2 

1.543  V 

VOLT. 

20.3 

1.545  V 

VOLT. 

20.4 

1.572  V 

VOLT. 

20.5 

1.535  V 

VOLT. 

20.6 

1.558  V 

VOLT. 

21 

21.0 

3.594  UA 

DIODE 

21.1 

2.993  UA 

DIODE 

21.2 

3.109  UA 

DIODE 

21.3 

2.826  UA 

DIODE 

21.4 

2.487  UA 

DIODE 

21.5 

2.645  UA 

DIODE 

21.6 

4.154  UA 

DIODE 

CURRENT  WITH  DEVICE  ON;  -55  DEG.  C 
CURRENT  WITH  DEVICE  ON;  -55  DEG.  C 
CURRENT  WITH  DEVICE  OH;  -55  DEG.  C 
CURRENT  WITH  DEVICE  ON;  -55  DEG.  C 
CURRENT  WITH  DEVICE  ON;  -55  DEG.  C 
CURRENT  WITH  DEVICE  ON;  -55  DEG.  C 
CURRENT  WITH  DEVICE  ON;  -55  DEG.  C 

CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 
CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 
CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 
CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 
CURRENT  WITH  DEVICE  OFF;  -55  DEC.  C 
CURRENT  WITH  DEVICE  OFF;  -55  DEC.  C 
CURRENT  WITH  DEVICE  OFF;  -55  DEG.  C 

AT  INPUT;V(IN)ON-16.8V;  -55  DEG.  C 
AT  INPUT;V(IN)ON-16.8V;  -55  DEG.  C 
AT  INPUT;V(IN)ON-16.8V;  -55  DEG.  C 
AT  INPUT;V(IN)ON»16.8V;  -55  DEG.  C 
AT  INPUT;V(IN)ON-16.8V;  -55  DEG.  C 
AT  INPUT; V(IN)ON-16.8V:  -55  DEG.  C 
AT  INPUT;V(IN)ON-16.8V;  -55  DEG.  C 

AT  INPUT;V(IN)0N-17.4V;  -55  DEG.  C 
AT  INPUT;V(IN)ON-17.4V;  -55  DEG.  C 
AT  INPUT:V(IN)ON-17.4V;  -55  DEG.  C 
AT  INTUT;V(IN)ON-17.4V;  -55  DEC.  C 
AT  INPUT; V(IH)ON-17.4V;  -55  DEG.  C 
AT  INPUT;V(IN)ON-17.4V;  -55  DEG.  C 
AT  INPUT; V(IN)ON-17.4V;  -55  DEC.  C 

AT  INPUT;V(IN)ON-18V;  -55  DEG.  C 
AT  INPUT; V(IN)ON-18V;  -55  DEC.  C 
AT  INPUT;VCIK)ON-18V;  -55  DEG.  C 
AT  INPUT;V(IN)ON-18V;  -55  DEG.  C 
AT  INPUT; V(IN)ON-18V;  -55  DEC.  C 
AT  INPUT;V(IK)0N-I8V;  -55  DEG.  C 
AT  INPUT; V(IN)0N-18V;  -55  DEG.  C 

LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 
LEAKAGE  CURREKT;I(R);  -55  DEG.  C 
LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 
LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 
LEAKAGE  CURRENT; I( R) ;  -55  DEG.  C 
LEAKAGE  CURRENT; I(R) ;  -55  DEC.  C 
LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 


VI-1  7 


TEST  22 
22.0 
22.1 
22.2 

22.3 

22.4 

22.5 

22.6 

TEST  23 
23.0 

23.1 

23.2 

23.3 

23.4 

23.5 

23.6 

TEST  24 
24.0 

24.1 

24.2 

24.3 

24.4 

24.5 

24.6 

TEST  25 
25.0 

25.1 

25.2 

25.3 

25.4 

25.5 

25.6 
TEST  26 

26.0 

26.1 

26.2 

26.3 

26.4 

26.5 

26.6 

TEST  27 

27.0 

27.1 

27.2 

27.3 

27.4 

27.5 

27.6 

TEST  28 

28.0 
28.1 
28.2 

28.3 

28.4 

28.5 

28.6 


1.802  V 
1.774  V 
1.770  V 
1.769  V 
1.793  V 
1.747  V 
1.782  V 

1.311  UA 

1.177  UA 
1.184  UA 
1.124  UA 
1.151  UA 
1.203  UA 

1.178  UA 

1.383  V 

1.313  V 
1.310  V 

1.314  V 
1.360  V 
1.288  V 
1.325  V 

1.041  V 
1.002  V 
1.000  V 
1.001  V 
1.028  V 
0.988  V 
1.008  V 

0.807  V 
0.788  V 
0.786  V 
0.787  V 
0.800  V 
0.781  V 
0.790  V 

768.255  UA 

784.879  UA 
789.629  UA 
774.192  UA 
742.130  UA 

765.879  UA 
787.254  UA 

2.931  UA 
2.265  UA 
2.558  UA 
2.324  UA 
2.047  UA 
2.254  UA 
1.699  UA 


DIODE  FORWARD  VOLTAGE; V(F) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V{F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE ;V(F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  -55  DEG.  C 

OUT.  LEAKAGE  CURRENT  [I(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  il(CEX)l;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)1;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)];125  DEC.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)1;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)];125  DEC.  C 
OUT.  LEAKAGE  CURRENT  1I(CEX)];125  DEC.  C 

V(CE)SAT;I(C)-350MA:I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA:I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I{C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350HA:I(B)-500;UA;125  DEG.  C 

V(CE)SAT;I(C)-200HA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200HA;I(B)-350;UA;125  DEC.  C 
V(CE)SAT;I(C)»200MA;I(B)-350;UA;125  DEC.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT:I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 

VCCE)SAT;I(C)-100WA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)»100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;1(B)-250;UA:125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OH;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 


VI-18 


TEST 


TEST 


TEST 


TEST 


TEST 


29 


29.0 

1.257  V 

29.1 

1.213  V 

29.2 

1.210  V 

29.3 

1.213  V 

29.4 

1.242  V 

29.5 

1.197  V 

29.6 

1.219  V 

30 

30.0 

1.441  V 

30.1 

1.385  V 

30.2 

1.383  V 

30.3 

1.387  V 

30.4 

1.423  V 

30.5 

1.365  V 

30.6 

1.395  V 

31 

31.0 

1.569  V 

31.1 

1.504  V 

31.2 

1.500  V 

31.3 

1.503  V 

31.4 

1.549  V 

31.5 

1.480  V 

31.6 

1.512  V 

32 

32.0 

1.461  UA 

32.1 

1.185  UA 

32.2 

1.435  UA 

32.3 

1.359  UA 

32.4 

0.974  UA 

32.5 

0.951  UA 

32.6 

1.403  UA 

33 

33.0 

1.840  V 

33.1 

1.775  V 

33.2 

1.770  V 

33.3 

1.760  V 

33.4 

1.806  V 

33.5 

1.716  V 

33.6 

1.749  V 

VOLT.  AT  INPUT; V( IN)ON«l 1 .8V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-11.8V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-11.8V;  125  DEG.  C 
VOLT.  AT  INPUT; V( IN) ON-1 1.8V;  125  DEC.  C 
VOLT.  AT  1NHJT;V(IN)0N-11.8V;  125  DEG.  C 
VOLT.  AT  INPUT; V( IN) ON-1 1.8V;  125  DEC.  C 
VOLT.  AT  INPUT;V(IN)ON-11.8V;  125  DEC.  C 

VOLT.  AT  INPUT; V(IN)0N-1 1.4V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-1 1.4V;  125  DEG.  C 
VOLT.  AT  INPUT; V(1N)0N-11.4V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)ON-11.4V;  125  DEG.  C 
VOLT.  AT  INPUT; V( IN) ON- 11.4V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)ON-11.4V;  125  DEG.  C 
VOLT.  AT  INPUT;V(1N)0N-11.4V;  125  DEG.  C 

VOLT.  AT  1NPUT;V(1N)0N-13V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-13V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)ON-13V;  125  DEC.  C 
VOLT.  AT  INP0T;V(1N)0N-13V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)OH-13V;  125  DEC.  C 
VOLT.  AT  INPOT;V(IN)ON-13V;  125  DEG.  C 
VOLT.  AT  INPUT;V(1N)0N-13V;  125  DEG.  C 

DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT;I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I (R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I (R) ;  125  DEG.  C 

DIODE  FORWARD  VOLTAGE; V{F);  125  DEG.  C 
DIODE  FORWARD  VOLTAGE ;V(F);  125  DEG.  C 
DIODE  FORWARD  VOLTAGE;V(F);  125  DEG.  C 
DIODE  FORWARD  VOLTACE;V(F);  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  125  DEC.  C 
DIODE  FORWARD  VOLTAGE ;V(F);  125  DEG.  C 


DEVICE  1673 

DEVICE 

TYPE:  2002 

TEST  1 

• 

1.0 

0.515  UA 

OUT.  LEAKAGE  CURRENT  [I(CEX)1;25  DEG.  C 

1.1 

0.569  UA 

OUT.  LEAKAGE  CURRENT  [I(CEX)J;25  DEG.  C 

1.2 

0.524  UA 

OUT.  LEAKAGE  CURRENT  il(CEX)];25  DEG.  C 

1.3 

0.566  UA 

OUT.  LEAKAGE  CURRENT  [l(CEX)j;25  DEG.  C 

1.4 

0.512  UA 

OUT.  LEAKAGE  CURRENT  [I(CEX)1;25  DEG.  C 

1.5 

0.549  UA 

OUT.  LEAKAGE  CURRENT  [I(CEX}];25  DEC.  C 

1.6 

0.486  UA 

OUT.  LEAKAGE  CURRENT  il(CEX)];25  DEC.  C 

TEST  2 

2.0 

1.446  V 

V(CE)SAT;I(C)-350MA;I(B)-500UA;25  DEG.  C 

2.1 

1.367  V 

V(CE)SAT;1(C)-350MA;I(B)-500UA;25  DEG.  C 

2.2 

1.378  V 

V(CE)SAT;I(C)-350MA;I(B)-500UA;25  DEG.  C 

2.3 

1.384  V 

V(CE)SAT;I(C)-350MA;1(B)-500UA;25  DEG.  C 

2.4 

1.444  V 

V(CE)SAT;I(C)-350MA;I(B)-500UA;25  DEG.  C 

2.5 

1.349  V 

V(CE)SAT;I(C)-350MA;I(B)-500UA;25  DEG.  C 

2.6 

1.390  V 

V(CE)SAT;I(C)-350MA;I(B)-500UA:25  DEG.  C 

TEST  3 

3.0 

1.147  V 

V(CE)SATjl(C)-2007iA;l(B)-350UA;25  DEG.  C 

3.1 

1.103  V 

V(CE)SAT;I(C)-200MA;1(B)-350UA;25  DEG,  C 

3.2 

1,109  V 

V(CE)SAT;1(C)-200MA;I(B)-350UA;25  DEC.  C 

3,3 

1.112  V 

V(CE)SAT;I(C)-200HA;I(B)-350UA;25  DEG,  C 

3,4 

1.145  V 

V(CE)SAT;1(C)-200MA;I(B)-350UA;25  DEC.  C 

3.5 

1.092  V 

V(CE)SAT;1(C)-200MA;1(B)-350UA;25  DEG.  C 

3.6 

1.115  V 

V(CE)SAT;1(C)-200MA;1(B)-350UA;25  DEG.  C 

TEST  4 

4.0 

0.948  V 

V(CE)SAT;1(C)-100MA;1(B)-250UA;25  DEG.  C 

4.1 

0,927  V 

V(CE)SAT;1(C)-100MA;I(B)-250UA;25  DEG.  C 

4.2 

0.929  V 

V(CE)SAT;1(C)-100MA:I(B)-250UA;25  DEG.  C 

4.3 

0.930  V 

V(CE)SAT;I(C)-100MA;1(B)-250UA;25  DEC.  C 

4.4 

0.946  V 

V(CE)SAT;1(C)-100MA;1(B)-250UA;25  DEC.  C 

4.5 

0.921  V 

V(CE)SAT:l(C)-100MAjl(B)-250UA;25  DEC.  C 

4.6 

0,931  V 

V(CE)SAT;1(C)-100MA;1(B)-250UA;25  DEG.  C 

TEST  5 

5.0 

924.008  UA 

INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

5.1 

932.320  UA 

INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

5.2 

907.383  UA 

INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

5.3 

902,633  UA 

INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

5.4 

932.514  UA 

INPUT  CURRENT  WITH  DEVICE  CN;  25  DEG.  C 

5.5 

907.577  UA 

INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

5.6 

894.321  UA 

INPUT  CURRENT  WITH  DEVICE  OK;  25  DEG.  C 

TEST  6 

6.0 

1.068  UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.1 

1.346  UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.2 

0.871  UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.3 

1.336  UA 

INTUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.4 

1.253  UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

6.5 

1.047  UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 

6.6 

1  .382  UA 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

TEST  7 

7.0 

1.357  V 

VOLT.  AT  INPUT;  V(IK)0N-11 .8V;  25  DEG.  C 

7.1 

1.307  V 

VOLT,  AT  INPUT;  V( IN)0N-11 .8V;  25  DEG.  C 

7.2 

1.313  V 

VOLT.  AT  INPUT;  V(IN)0N-11 .8V;  25  DEG.  C 

7,3 

1.316  V 

VOLT.  AT  INPUT;  V(IN)0N-11 .8V;  25  DEG.  C 

7,4 

1.356  V 

VOLT,  AT  INPUT;  V{ 1N)0N-11 .8V;  25  DEG.  C 

7.5 

1,295  V 

VOLT.  AT  INPUT;  V(IN)0N-11 .8V;  25  DEG.  C 

7.6 

1.320  V 

VOLT.  AT  INTUT;  V(IN)0N-11.8V;  25  DEG.  C 

VI- 20 


TEST 


8 


8.0 

1.496 

V 

VOLT. 

8.1 

1.436 

V 

VOLT. 

8.2 

1.444 

V 

VOLT. 

8.3 

1.447 

V 

VOLT. 

8.4 

1.495 

V 

VOLT. 

8.5 

1.421 

V 

VOLT. 

8.6 

1.454 

V 

VOLT. 

TEST  9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

TEST  10 

10.0 
10.1 
10.2 

10.3 

10.4 

10.5 

10.6 

TEST  11 

11.0 
11.1 
11.2 

11.3 

11.4 

11.5 

11.6 

TEST  12 

12.0 
12.1 
12.2 

12.3 

12.4 

12.5 

12.6 

TEST  13 

13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

13.6 

TEST  14 

14.0 

14.1 

14.2 

14.3 

14.4 

14.5 

14.6 


AT  INPUT;  V(1N)0N-12.4V;  25  DEG.  C 
AT  INPUT;  V(IN)0N-12.4V;  25  DEG.  C 
AT  INPUT;  V(IN)0N-12.4V;  25  DEG.  C 
AT  INPUT;  V(IN)0N-12.4V;  25  DEG.  C 
AT  INPUT;  V(IN)0N-12 .4V;  25  DEG.  C 
AT  INPUT;  V(IN)0N"12.4V;  25  DEG.  C 
AT  INPUT;  V(IN)0N-12.4V;  25  DEG.  C 

AT  INPUT;V(IN)0N-13V;  25  DEG.  C 
AT  INPUT: V(IN)0N-13V;  25  DEG.  C 
AT  INPUT;V(IN)0N-13V;  25  DEG.  C 
AT  INPUT;V(IN)0N-13V;  25  DEG.  C 
AT  INPUT;V(1N)0N-13V;  25  DEG.  C 
AT  INPUT;V(IN)0N-13V;  25  DEG.  C 
AT  INPUT;V(IN)0N-13V;  25  DEC.  C 

LEAKAGE  CURRENT: I(R) ;  25  DEC.  C 
LEAKAGE  CURRENT; I(R) ;  25  DEG.  C 
LEAKAGE  CURR£NT;I(R);  25  DEC.  C 
LEAKAGE  CURRENT; I(R) ;  25  DEG.  C 
LEAKAGE  CURRENT; I(R) ;  25  DEG.  C 
LEAKAGE  CURRENT ; I ( R) ;  25  DEG.  C 
LEAKAGE  CURRENT; I(R) ;  25  DEG.  C 

FORWARD  VOLTAGE; V(F);  25  DEG.  C 
FORWARD  VOLTAGE; V(F);  25  DEG.  C 
FORWARD  VOLTACE;V(F);  25  DEG.  C 
FORWARD  VOLTACE;V(F);  25  DEG.  C 
FORWARD  VOLTAGE; V(F);  25  DEG.  C 
FORWARD  VOLTAGE ;V(F);  25  DEG.  C 
FORWARD  VOLTAGE; V<F);  25  DEC.  C 


1.637 

1.563 

1.575 

1.580 

1.636 

1.546 

1.587 


1.326  UA 
0.469  UA 
0.434  UA 
0.917  UA 
0.761  UA 
0.272  UA 
0.424  UA 


VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 

DIODE 


1.912 

1.824 

1.826 

1.830 

1.891 

1.794 

1.829 


2.090  UA 
1.945  UA 
1.676  UA 
1.900  UA 
1.868  UA 
2.048  UA 
2.048  UA 


1.450 

1.405 

1.405 

1.412 

1.447 

1.403 

1.424 

1.212 

1.187 

1.187 

1.190 

1.209 

1.185 

1.197 


DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 

OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAK\GE 
OUT.  LEAKAGE 

V(CE)SAT;I(C)" 
V(CE)SAT;I(C)' 
V(CE)SAT;I(C)' 
V(CE)SAT;I{C)' 
V(CE)  SAT;  1(C)' 
V(CE)SAT;I(C)' 
V(CE)SAT;I(C)' 

V(CE)SAT;1(C)' 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)' 

V(CE)SAT;1(C)' 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)' 


CURRENT  II(CEX));“55  DEG.  C 
CURRENT  [I{CEX)J;“55  DEC.  C 
CURRENT  [l(CEX)J;-55  DEG.  C 
CURRENT  II(CEX)];“55  DEG.  C 
CURRENT  (I(CEX)J;“55  DEG.  C 
CURRENT  [I(CEX)];-55  DEC.  C 
CURRENT  [I(CEX)];-55  DEG.  C 


■350MA;I(B)< 

■350HA;I(B)' 

•350MA;I(B)« 

■350MA;I(B)' 

■350HA;I(B)' 

•350MA;1(B)' 

•350MA;I(B)' 

•200MA;1(B)' 

•200MA;I(B)' 

■200MA;I(B)' 

■200MA;I(B)' 

■200MA;I(B) 

■200MA;I(B)' 

■200MA;I(B) 


■850UA;-55  DEG. 
'850UA;-55  DEC. 
•850UA;-55  DEG. 
•850UA;-55  DEG. 
•850UA;-55  DEG. 
•850UA;-55  DEG. 
■850UA;-55  DEG. 

•550UA;-55  DEG. 
■550UA;-55  DEC. 
•550UA;-55  DEG. 
■550UA;-55  DEG. 
•550UA;-55  DEG. 
■550UA;-55  DEG. 
-550UA;-55  DEG. 


VI-21 


test  15 
15.0 

15.1 

15.2 

15.3 

15.4 

15.5 

15.6 

TEST  16 

16.0 
16.1 
16.2 

16.3 

16.4 

16.5 

16.6 

TEST  17 

17.0 

17.1 

17.2 

17.3 

17.4 

17.5 

17.6 

TEST  18 

18.0 
18.1 
18.2 

18.3 

18.4 

18.5 

18.6 

TEST  19 

19.0 

19.1 

19.2 

19.3 

19.4 

19.5 

19.6 

TEST  20 

20.0 
20.1 
20.2 

20.3 

20.4 

20.5 

20.6 

TEST  21 

21.0 

21.1 

21.2 

21.3 

21.4 

21.5 

21.6 


1.056  V 
1.044  V 
1.043  V 
1.045  V 
1.054  V 
1.042  V 
1.048  V 

964.575  UA 

988.325  UA 
970.513  UA 

1002.575  UA 
1002.575  UA 
997.825  UA 

950.326  UA 

2.501  UA 
2.518  UA 
2.093  UA 
2.510  UA 
2.524  UA 
2.470  UA 
2.892  UA 

1.359  V 
1.331  V 
1.330  V 
1.334  V 
1.357  V 
1.329  V 

1.341  V 

1.476  V 
1.441  V 
1.439  V 
1.447  V 
1.474  V 
1.438  V 
1.454  V 

1.593  V 
1.553  V 
1.552  V 
1.558  V 
1.590  V 
1.551  V 
1.571  V 

3.032  UA 
2.146  UA 
2.028  UA 

2.342  UA 
2.224  UA 
1.716  UA 
2.325  UA 


V{CE)SAT;l(C)-100MA;I(B)-350UA;-55  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG.  C 
V(CE)SAT;I(C)-100MA:I(B)-350UA;-55  DEG.  C 
V(CE)SAT;1(C)-100MA;I{B)-350UA:-55  DEG.  C 
V(CE)SAT;I(C)-100MA:I(B)-350UA;-55  DEG.  C 


INPUT 

CURRENT 

WITH 

DEVICE 

ON 

-55 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON 

-55 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON 

-55 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON 

-55 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON 

-55 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON 

-55 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON 

-55 

DEG.  C 

INPUT  CURRENT  WITH  DEVICE  OFF 
INPUT  CURRENT  WITH  DEVICE  OFF 
INPUT  CURRENT  WITH  DEVICE  OFF 
INPUT  CURRENT  WITH  DEVICE  OFF 
INPUT  CURRENT  WITH  DEVICE  OFF 
INPUT  CURRENT  WITH  DEVICE  OFF; 
INPUT  CURRENT  WITH  DEVICE  OFF] 

VOLT.  AT  INPUT; V(IN)0N-16.8V; 
VOLT.  AT  INPUT;V(IN)0N-16.8V; 
VOLT.  AT  INPUT; V(IN)0N-16.8V; 
VOLT.  AT  INPUT; V(IN)0N-16.8V; 
VOLT.  AT  INPUT;V(IN)0N-16.8V; 
VOLT.  AT  INPUT;V(1N)0N-16.8V: 
VOLT.  AT  INPUT; V(IN)0N-16.8V; 

VOLT.  AT  INPUT;V(IN)ON-17.4V; 
VOLT.  AT  INPUT;V(IN)0N-17.4V; 
VOLT.  AT  INPUT; V(IN)ON-17.4V; 
VOLT.  AT  INPUT;V(IN)ON-17.4V; 
VOLT.  AT  INPUT; V( IN) 0N-17.4V; 
VOLT.  AT  INPUT;V(IN)ON-17.4V; 
VOLT.  AT  INPUT;V(IN)ON-17.4V; 


-55  DEG 

-55  DEG 

-55  DEC 

-55  DEG 

-55  DEG 

-55  DEG 

-55  DEG 

-55 

DEC. 

-55 

DEG. 

-55 

DEC. 

-55 

DEC. 

-55 

DEC. 

-55 

DEC. 

-55 

DEC. 

-55 

DEC. 

-55 

DEC. 

-55 

DEC. 

-55 

DEC. 

-55 

DEC. 

-55 

DEG. 

-55 

DEG. 

VOLT.  AT  INPUT:V(IN)0N-18V 
VOLT.  AT  INPUT;V(IN)0N-18V 
VOLT.  AT  INPUT:V(IN)0N-18V 
VOLT.  AT  INPUT;V(IN)0N-18V 
VOLT.  AT  INPUT;V(1N)0N-18V 
VOLT.  AT  INPUT:V(IN)0N-18Vi 
VOLT.  AT  INPUT;V(IN)0N-18V; 


-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 


C 

C 

C 

C 

C 

C 

C 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


DIODE 

LEAKAGE 

CURRENT; 1(R); 

-55 

DEG. 

DIODE 

LEAKAGE 

CURRENT;  I(R): 

-55 

DEG. 

DIODE 

LEAKAGE 

CURRENT; 1(R); 

-55 

DEG. 

DIODE 

LEAKAGE 

CURRENT; I(R); 

-55 

DEG. 

DIODE 

LEAKAGE 

CURRENT; I(R); 

-55 

DEG. 

DIODE 

LEAKAGE 

CURRENT; 1(R); 

-55 

DEG. 

DIODE 

LEAKAGE 

CURRENT; I(R); 

-55 

DEG. 

c 

c 

c 

c 

c 

c 

c 


VI-22 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


22 


22.0 

1 

.873 

V 

22.1 

1 

.830 

V 

22.2 

1 

.823 

V 

22.3 

1 

.833 

V 

22.4 

1 

.870 

V 

22.5 

1 

.823 

V 

22.6 

1 

.847 

V 

23 

23.0 

1 

.256 

UA 

23.1 

1 

.310 

UA 

23.2 

1 

.198 

UA 

23.3 

1 

.350 

UA 

23.4 

1 

.290 

UA 

23.5 

1 

.365 

UA 

23.6 

1 

.350 

UA 

24 

24.0 

1 

.394 

V 

24.1 

1 

.320 

V 

24.2 

1 

.317 

V 

24.3 

1 

.319 

V 

24.4 

1 

.368 

V 

24.5 

1 

.292 

V 

24.6 

1 

.321 

V 

25 

25.0 

1 

.045 

V 

25.1 

1 

.002 

V 

25.2 

1 

.000 

V 

25.3 

1 

.001 

V 

25.4 

1 

.029 

V 

25.5 

0 

.986 

V 

25.6 

1 

.001 

V 

26 

26.0 

0 

.805 

V 

26.1 

0 

.784 

V 

26.2 

0 

.782 

V 

26.3 

0 

.783 

V 

26.4 

0 

.796 

V 

26.5 

0 

.775 

V 

26.6 

0 

.782 

V 

27 

27.0 

752 

.817 

UA 

27.1 

732 

.630 

UA 

27.2 

758 

.755 

UA 

27.3 

797 

.941 

UA 

27.4 

769 

.442 

UA 

27.5 

746 

.880 

UA 

27.6 

765 

.879 

UA 

28 

28.0 

2 

.634 

UA 

28.1 

2 

.742 

UA 

28.2 

2 

.242 

UA 

28.3 

2 

.620 

UA 

28.4 

2 

.119 

UA 

28.5 

1 

.975 

UA 

28.6 

2 

.180 

UA 

DIODE  FORWARD  VOLTAGE ; V ( F ) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; VCF) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE ; V ( F ) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE;V(F) ;  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE ; V ( F ) ;  -55  DEG.  C 

OUT.  LEAKAGE  CURRENT  1I(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  (1(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)i;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)J;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  (l(CEX)j;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  il(CEX));125  DEG.  C 

V(CE)SAT;I(C)-350HA;1(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEC.  C 
V(CE)SAT;I(C)-350MA;1(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEC.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;12S  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT:I(C)-350MA;I(B)-500;UA;125  DEG.  C 

V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT:1(C)-200MA;I{B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)»350;UA;125  DEC.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA:125  DEG.  C 
V(CE)SAr;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEC.  C 
V(CE)SAT;1(C)-200MA;I(B)-350;UA;125  DEG.  C 

V(CE)SAT;I(C)-100UA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I{C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)»100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;I25  DEG.  C 
V(CE)SAT;1(C)-100MA;X(B)-250;UA;125  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 


VI-2  3 


TEST  29 

29.0  1.266  V  VOLT. 

29.1  1.219  V  VOLT. 

29.2  1.216  V  VOLT. 

29.3  1.217  V  VOLT. 

29.4  1.249  V  VOLT. 

29.5  1.201  V  VOLT. 

29.6  1.217  V  VOLT. 

TEST  30 

30.0  1.453  V  VOLT. 

30.1  1.397  V  VOLT. 

30.2  1.395  V  VOLT. 

30.3  1.393  V  VOLT. 

30.4  1.432  V  VOLT. 

30.5  1.374  V  VOLT. 

30.6  1.397  V  VOLT. 

TEST  31 

31.0  1.586  V  VOLT. 

31.1  1.516  V  VOLT. 

31.2  1.513  V  VOLT. 

31.3  1.514  V  VOLT. 

31.4  1.561  V  VOLT. 

31.5  1.489  V  VOLT. 

31.6  1.517  V  VOLT. 

TEST  32 

32.0  1.888  VA  DIODE 

32.1  1.284  UA  DIODE 

32.2  1.179  OA  DIODE 

32.3  1.336  UA  DIODE 

32.4  1.310  UA  DIODE 

32.5  1.039  UA  DIODE 

32.6  1.053  UA  DIODE 

TEST  33 

33.0  1.875  V  DIODE 

33.1  1.812  V  DIODE 

33.2  1.803  V  DIODE 

33.3  1.797  V  DIODE 

33.4  1.844  V  DIODE 

33.5  1.750  V  DIODE 

33.6  1.781  V  DIODE 


AT  INPUT;V(IN)ON-11.8V;  125  DEG.  C 
AT  INPUT; V(IN)0N-11.8V;  125  DEG.  C 
AT  INPUT; V(IN)0N*11.8V;  125  DEG.  C 
AT  INPUT;V(IN)ON-11.8V;  125  DEG.  C 
AT  1NPUT;V(1N)0N-11.8V;  125  DEG.  C 
AT  INPUT;V(IN)0N-11.8V;  125  DEC.  C 
AT  INPUT;V(IN)ON-11.8V;  125  DEC.  C 

AT  INPUT;V(IN)0N-11.4V;  125  DEG.  C 
AT  1NPUT;V(IN)0N-11.4V;  125  DEG.  C 
AT  1NPUT;V(1N)0N-11.4V;  125  DEG.  C 
AT  INPUT;V(IK)ON-11.4V;  125  DEG.  C 
AT  INPUT;V(IN)0N-11.4V;  125  DEC.  C 
AT  1NPUT;V(IN)0N»11.4V;  125  DEC.  C 
AT  INPUT;V(1N)0N-11.4V;  125  DEG.  C 

AT  1NPUT;V(IN)0N-13V;  125  DEC.  C 
AT  INPUT;V(IN)0N«13V;  125  DEG.  C 
AT  INPUT;V(IN>ON«13V;  125  DEC.  C 
AT  INPUT;V(IN)0N-13V;  125  DEG.  C 
AT  INPUT; V(IN)0N-13V;  125  DEC.  C 
AT  INPUT;V(IN)ON-13V;  125  DEC.  C 
AT  INPUT; V(1N>0N-13V;  125  DEC.  C 

LEAKAGE  CURRENT; I(S) ;  125  DEC.  C 
LEAKAGE  CURRENT; I(R) ;  125  DEC.  C 
leakage  CURRENT;I(R);  125  DEC.  C 
LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
LEAKAGE  CURRENT; 1(R) ;  125  DEG.  C 
UAKAGE  CURRENT; I(R);  125  DEC.  C 
leakage  CURRENT; I(R);  125  DEG.  C 

FORWARD  VOLTAGE; V(F);  125  DEG.  C 
FORWARD  VOLTAGE;V(F);  125  DEG.  C 
FORWARD  VOLTAGE ;V(F);  125  DEC.  C 
FORWARD  VOLTAGE; V(F);  125  DEG.  C 
FORWARD  VOLTAGE ;V(F);  125  DEG.  C 
FORWARD  VOLTAGE; V(F);  125  DEG.  C 
FORWARD  VOLTAGE; V(F);  125  DEG.  C 


DEVICE  9857 


DEVICE  TYPE:  2004 


TEST  I 
1.0 
1.1 
1.2 

1.3 

1.4 

1.5 

1.6 
TEST  2 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 
TEST  3 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 
TEST  4 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

TEST  5 
5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

TEST  6 

6.0 
6.1 
6.2 

6.3 

6.4 

6.5 

6.6 

TEST  7 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 


0.560  UA 
0.442  UA 
0.490  UA 
0.398  UA 
0.459  UA 
0.430  UA 
0.393  UA 

1.196  V 
1.193  V 
1.186  V 
1.174  V 
1.171  V 
1.178  V 
1.173  V 

1.008  V 
1.007  V 
1.003  V 
0.996  V 
0.994  V 
0.998  V 
0.995  V 

0.882  V 
0.882  V 
0.880  V 
0.876  V 
0.876  V 
0.877  V 
0.876  V 

534.049  UA 
548.298  UA 
544.736  UA 
538.798  UA 
534.049  UA 
534.049  UA 
544.736  UA 

1.302  UA 
0.808  UA 
0.984  UA 
1.140  UA 
0.835  UA 
1.239  UA 
0.877  UA 

1.050  V 
1.038  V 
1.049  V 
1.043  V 
1.039  V 
1.038  V 
1.028  V 


OUT.  LEAKAGE  CURRENT  tI(CEX)l:25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [1(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  il(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  {l(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  (1(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)];25  DEG.  C 

V(CE)SAT;1(C)-350KA;1(B)-500UA;25  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500UAj25  DEG.  C 
V(CE)SAT;1(C)-350MA;1(B)-500UA;25  DEG.  C 
V(CE)SAT;1(C)-350MA;I(B)-500UA;25  DEG.  C 
V(CE)SAT;1(C)-350MA;1(B)-500UA:25  DEG.  C 
V(CE)SAT:I(C)-350MA;1(B>-500UA;25  DEG.  C 
V(CE)SAT;I(C)-350MA;1(B)-500UA:25  DEG.  C 

V(CE)SAT;1(C)-200MA;I(B)-350UA:25  DEG.  C 
V(CE)SAT;1(C)-200MA:I(B)-350UA;25  DEG.  C 
V(CE)SAT;I(C)-200MA:1(B)«350UA;25  DEG.  C 
V(CE)SAT;I(C)-200MA;1(B)«350UA;25  DEG.  C 
V(CE)SAT;I(C)-200MA;1(B)-350UA;25  DEG.  C 
V(CE)SAT;I(C)-200MA:I(B)-350UA;25  DEG.  C 
V(CE)SAT;1(C)-200MA;I(B)-350UA;25  DEG.  C 

V(CE)SAT;1(C>-100MA;1(B)-250UA;25  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEC.  C 
V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)“250UA:25  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)»250UA;25  DEG.  C 
V(CE)SAT;X(C)-100MA;I(B>-250UA;25  DEC.  C 
V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  ON;  25  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEC.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N“5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)ON-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 


VI-25 


TEST  8 
8.0 
8.1 
8.2 

8.3 

8.4 

8.5 

8.6 

TEST  9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

TEST  10 

10.0 
10.1 
10.2 

10.3 

10.4 

10.5 

10.6 

TEST  11 

11.0 
11.1 
11.2 

11.3 

11.4 

11.5 

11.6 

TEST  12 

12.0 
12.1 
12.2 

12.3 

12.4 

12.5 

12.6 

TEST  13 

13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

13.6 

TEST  14 

14.0 

14.1 

14.2 

14.3 

14.4 

14.5 

14.6 


1.230  V 
1.212  V 
1.226  V 
1.216  V 
1.212  V 
1.212  V 
1.194  V 

1.584  V 

1.557  V 

1.585  V 
1.563  V 
1.555  V 

1.558  V 
1.528  V 

0.749  UA 
0.760  UA 
0.643  UA 
0.268  UA 
0.323  UA 
0.560  UA 
0.503  UA 

1.613  V 
1.415  V 
1.401  V 
1.390  V 
1.384  V 
1.379  V 
1.376  V 

3.378  UA 
3.222  UA 
3.181  UA 
3.078  UA 
2.605  UA 
2.524  UA 
2.111  UA 

1.245  V 

1.246  V 
1.241  V 
1.230  V 
1.230  V 
1.234  V 
1.230  V 

1.093  V 
1.093  V 
1.091  V 
1.084  V 
1.084  V 
1.087  V 
1.085  V 


VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 


AT 

AT 

AT 

AT 

AT 

AT 

AT 


INPUT;  V(IN)ON-6V; 
INPUT;  V(IN)ON-6V; 
INPUT;  V(IN)0N-6V; 
INPUT;  V(IN)ON-6V; 
INPUT;  V(1N)0N-6V; 
INPUT;  V(IN)0N-6V; 
INPUT;  V(IN)0N-6V; 


25  DEC.  C. 
25  DEG.  C 
25  DEC.  C 
25  DEG.  C 
25  DEG.  C 
25  DEG.  C 
25  DEG.  C 


VOLT.  AT  INPUT; V(IN)0N»8V;  25  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-8V;  25  DEG.  C 
VOLT.  AT  INPUT; V( IN) 0N-8V;  25  DEG.  C 
VOLT.  AT  INPUT; V( IN) 0N-8V;  25  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-8V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-8V;  25  DEG.  C 
VOLT.  AT  INPUT; V{ IN) 0N-8V;  25  DEG.  C 


DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEG. 
DIODE  LEAKAGE  CURRENT; I{R) ;  25  DEG. 
DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEG. 
DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEG. 
DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEC. 
DIODE  LEAKAGE  CURRENT; I(R) ;  25  DEG. 
DIODE  LEAKAGE  CURRENT; I ( R) ;  25  DEG. 

DIODE  FORWARD  VOLTAGE;V(F);  25  DEG. 
DIODE  FORWARD  VOLTAGE; V(F);  25  DEG. 
DIODE  FORWARD  VOLTAGE; V(F);  25  DEG. 
DIODE  FORWARD  VOLTAGE ; V( F ) ;  25  DEC. 
DIODE  FORWARD  VOLTAGE;V(F);  25  DEG. 
DIODE  FORWARD  VOLTAGE; V(F);  25  DEG. 
DIODE  FORWARD  VOLTAGE; V<F);  25  DEC. 


C 

C 

C 

C 

C 

C 

C 

C 

c 

c 

c 

c 

c 

c 


OUT.  LEAKAGE  CURRENT  [I(CEX)l;-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)J;-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  il(CEX)J;-55  DEC.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)J;-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)l;-55  DEG.  C 
OUT.  LEAKAGE  CURRENT  ll(CEX)];-55  DEC.  C 
OUT.  LEAKAGE  CURRENT  ilCCEX)J;-55  DEG.  C 

V(CE)SAT;I(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-850UA;-55  DEC.  C 
V(CE)SAT;l(C)-350MA:I(B)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-B50UA;-55  DEC.  C 
V(CE)SAT;I(C)-350MA;l(B)-850UA;-55  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-850UA:-55  DEG.  C 


V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200MA;l(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V{CE)SAT;I(C)-200MA;I(B)-550UA;-55  DEG.  C 
V(CE)SAT;l(C)-200MA;l(B)-550UA;-55  DEG.  C 
V(CE)SAT;I(C)-200MA:I(B)-550UA;-55  DEG.  C 
V(CE>SAT;I(C)-200>M;I{B)-550UA;-55  DEG.  C 


VI-26 


TEST  15 
15.0 

15.1 

15.2 

15.3 

15.4 

15.5 

15.6 

TEST  16 

16.0 
16.1 
16.2 

16.3 

16.4 

16.5 

16.6 

TEST  17 

17.0 

17.1 

17.2 

17.3 

17.4 

17.5 

17.6 

TEST  18 

18.0 
18.1 
18.2 

18.3 

18.4  , 

18.5 

18.6 

TEST  19 

19.0 

19.1 

19.2 

19.3 

19.4 

19.5 

19.6 

TEST  20 

20.0 
20.1 
20.2 

20.3 

20.4 

20.5 

20.6 
TEST  21 

21.0 

21.1 

21.2 

21.3 

21.4 

21.5 

21.6 


0.994  V 
0.994  V 
0.993  V 
0.990  V 
0.990  V 
0.991  V 
0.990  V 

356.929  UA 
368.804  UA 
362.867  UA 
362.867  UA 
348.617  UA 
348.617  UA 
348.617  UA 

3.652  UA 
2.908  UA 
3.585  UA 
3.708  UA 
2.933  UA 
3.531  UA 
2.507  UA 

1.161  V 
1.150  V 
1.157  V 
1.155  V 
1.153  V 
1.152  V 
1.152  V 

1.316  V 
1.301  V 
1.311  V 
1.308  V 
1.304  V 
1.304  V 
1.289  V 

1.634  V 
1.611  V 
1.626  V 
1.618  V 
1.615  V 
1.617  V 
1.588  V 

2.645  UA 
2.285  UA 
2.463  UA 
2.068  UA 
1.820  UA 
1.955  UA 
2.283  UA 


V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEC. 
V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG. 
V(CE)SAT;l(C)-100MA;l(B)»350UA;-55  DEC. 
V.(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG. 
V(CE)SATjI(C)-100MA;l(B)-350UA;-55  DEG. 
V(CE)SAT;I(C)-100MA;I(B)-350UA;-55  DEG. 
V(CE)SAT;I(C)-100MA;I(B)-350UA:-55  DEC. 


INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 

INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 
INPUT  CURRENT  WITH 


DEVICE 

ON; 

-55 

DEG. 

DEVICE 

ON; 

-55 

DEG. 

DEVICE 

ON; 

-55 

DEG. 

DEVICE 

ON; 

-55 

DEG. 

DEVICE 

ON; 

-55 

DEG. 

DEVICE 

OK; 

-55 

DEG. 

DEVICE 

ON; 

-55 

DEG. 

DEVICE 

OFF 

-55 

DEG. 

DEVICE 

OFF 

-55 

DEG. 

DEVICE 

OFF 

-55 

DEC. 

DEVICE 

OFF 

-55 

DEC. 

DEVICE 

OFF 

-55 

DEC. 

DEVICE 

OFF 

-55 

DEG. 

DEVICE 

OFF 

-55 

DEC. 

VOLT.  AT  INPUT; V(IN)0N«6V;  -55  DEG.  C 
VOLT.  AT  INPUT;V(IN)0^^6V;  -55  DEC.  C 
VOLT.  AT  INPUT;V(IN)0N-6V;  -55  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N«6V;  -55  DEC.  C 
VOLT.  AT  INPUT; V(IN)0N-6V;  -55  DEC.  C 
VOLT.  AT  INPUT; V(IN)0N-6V;  -55  DEC.  C 
VOLT.  AT  INPUT; V(IN)0M-6V;  -55  DEG.  C 


VOLT.  AT  INPUT;V(IN)0N-8V;  -55  DEC.  C 
VOLT.  AT  INPUT; V(IN)0N-8V;  -55  DEC.  C 
VOLT.  AT  INPUT; V( IN) 0N-8V;  -55  DEC.  C 
VOLT.  AT  INPUT;V(IN)0N-8V;  -55  DEG.  C 
VOLT.  AT  INPUT;V(IN)0I^8V;  -55  DEG.  C 
VOLT.  AT  INPUT;V(IN)0K-8V;  -55  DEC.  C 
VOLT.  AT  INPUT; V(IN)0N-8V;  -55  DEG.  C 


VOLT.  AT  INPUT;V(IN)0N-12V;  -55  DEG.  C 
VOLT.  AT  INPUT; V( IN) 0N-12V;  -55  DEG.  C 
VOLT.  AT  INPUT; V(IN)0f^l2V;  -55  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-12V;  -55  DEC.  C 
VOLT.  AT  INPUT;V(IN)0N-12V;  -55  DEG.  C 
VOLT.  AT  INPUT;V(IN)0H-12V;  -55  DEG.  C 
VOLT.  AT  INPUT; V{IN)0N-12V;  -55  DEG.  C 


DIODE  LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 
DIODE  LEAKAGE  CURRENT; I (R) ;  -55  DEC.  C 
DIODE  LEAKAGE  CURRENT; I (R) ;  -55  DEC.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  -55  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  -55  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  -55  DEG.  C 


.  C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 

c 

c 


VI-27 


TEST  22 
22.0 
22.1 
22.2 

22.3 

22.4 

22.5 

22.6 

TEST  23 
23.0 

23.1 

23.2 

23.3 

23.4 

23.5 

23.6 

TEST  24 
24.0 

24.1 

24.2 

24.3 

24.4 

24.5 

24.6 

TEST  25 
25.0 

25.1 

25.2 

25.3 

25.4 

25.5 

25.6 

TEST  26 
26.0 
26.1 
26.2 

26.3 

26.4 

26.5 

26.6 

TEST  27 

27.0 

27.1 

27.2 

27.3 

27.4 

27.5 

27.6 

TEST  28 

28.0 
28.1 
28.2 

26.3 

28.4 

28.5 

28.6 


1.632  V 
1.453  V 
1.443  V 
1.432  V 
1.428  V 
1.424  V 
1.422  V 

0.866  UA 
0.844  UA 
0.816  UA 
0.777  UA 
0.719  UA 
0.690  UA 
0.648  UA 

1.146  V 
1.140  V 
1.127  V 
1.116  V 
1.108  V 
1.118  V 
1.111  V 

0.907  V 
0.904  V 
0.896  V 
0.889  V 
0.885  V 
0.890  V 
0.886  V 

0.739  V 
0.738  V 
0.734  V 
0.730  V 
0.729  V 
0.731  V 
0.729  V 

310.432  UA 
316.369  UA 
310.432  UA 
302.119  UA 
310.432  UA 
324.681  UA 
320.118  UA 

2.093  UA 
1.604  UA 
1.914  UA 
1.430  UA 
1.828  UA 
1.854  UA 
1.613  UA 


DIODE  FORWARD  VOLTAGE;V(F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE ;V{F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F):  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE ;V(F);  -55  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  -55  DEC.  C 
DIODE  FORWARD  VOLTAGE;V(F);  -55  DEG.  C 

OUT.  LEAKAGE  CURRENT  [I(CEX)1;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)i;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)J;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  il(CEX)];125  DEC.  C 
OUT.  LEAKAGE  CURRENT  (I(CEX)J;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  tl(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  {l(CEX)];125  DEG.  C 

V(CE)SAT;1(C)-350MA;1(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350HA;I(B)-500;UA; 125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEC.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA:125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEC.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEC.  C 

V(CE)SAT;I(C)-200MA;l(B)-350;UA;125  DEC.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;1(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG,  C 
V(CE)SAT;1(C)-200MA;I(B)-350;UA;125  DEC.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEC.  C 

V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;1(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)»250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA:125  DEC.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;DA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 


INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEC.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF; 

125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF; 

125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF; 

125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF;  125 

DEC.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF; 

125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF; 

125 

DEG.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF; 

125 

DEG.  C 

TEST  29 
29.0 

29.1 

29.2 

29.3 

29.4 

29.5 

29.6 

TEST  30 
30.0 

30.1 
■  30.2 

30.3 

30.4 

30.5 

30.6 

TEST  31 
31.0 

31.1 

31.2 

31.3 

31.4 

31.5 

31.6 

TEST  32 
32.0 

32.1 

32.2 

32.3 

32.4 

32.5 

32.6 

TEST  33 
33.0 

33.1 

33.2 

33.3 

33.4 

33.5 

33.6 


0.946  V 
0.932  V 
0.949  V 
0.941  V 
0.929  V 
0.928  V 
0.915  V 

1.164  V 
1.139  V 
1.162  V 
1.152  V 
1.137  V 
1.133  V 
1.109  V 

1.580  V 
1.539  V 
1.580  V 
1.560  V 
1.533  V 
1.531  V 
1.489  V 

1.043  UA 
0.933  UA 
0.807  UA 
0.520  UA 
0.490  UA 
0.723  UA 
0.673  UA 

1.599  V 
1.391  V 
1.369  V 
1.356  V 
1.350  V 
1.345  V 
1.342  V 


VOLT.  AT  IMPUT;V(IN)0tJ-5V;  125  DEC.  C 
VOLT.  AT  lin>UT;V(lN)CN-5V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-5V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-5V;  125  DEG.  C 
VOLT.  AT  INPUT;V(1N)0N-5V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-5V;  125  DEG.  C 
VOLT.  AT  INPUT ;V( IN) 0N-5V;  125  DEG.  C 

VOLT.  AT  INPUT; V(IN)0»-7V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-7V;  125  DEG.  C 
VOLT.  AT  1NPUT;V(IN)0N»7V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-7V;  125  DEG.  C 
VOLT.  AT  INPUT;V(1N)0N-7V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N-7V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)ON-7V;  125  DEG.  C 

VOLT.  AT  INPUT; V(1N)0N-13V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N-13V;  125  DEG.  C 
VOLT.  AT  INPUT;V(1N)0^^13V;  125  DEC.  C 
VOLT.  AT  INPUT; V(IN)0N-13V;  125  DEG.  C 
VOLT.  AT  1NPUT;V(IN)0N-13V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)ON-13V;  125  DEG.  C 
VOLT.  AT  1NPUT;V(1N)0N-13V;  125  DEG.  C 

DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  125  DEC.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; 1(R) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I(R) ;  125  DEG.  C 

DIODE  FORWARD  VOLIAGE;V(F);  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F);  125  DEC.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  125  DEG.  C 
DIODE  FORWARD  VOLTAGE;V(F);  125  DEG.  C 
DIODE  FORWARD  VOLTAGE; V(F) ;  125  DEG.  C 


VI-29 


DEVICE  9858 


DEVICE  TYPE:  2004 


TEST  1 
1.0 
1.1 
1.2 

1.3 

1.4 

1.5 

1.6 
TEST  2 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 
TEST  3 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 
TEST  4 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

TEST  5 
5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

TEST  6 

6.0 
6.1 
6.2 

6.3 

6.4 

6.5 

6.6 

TEST  7 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 


0.459  UA 
0.395  UA 
0.428  UA 
0.382  UA 
0.383  UA 
0.378  UA 
0.317  UA 

1.209  V 
1.205  V 
1.194  V 
1.188  V 
1.182  V 
1.188  V 
1.188  V 

1.015  V 
1.012  V 
1.007  V 
1.003  V 
0.999  V 
1.003  V 
1.003  V 

0.884  V 
0.883  V 
0.880  V 
0.879  V 
0.876  V 
0.878  V 
0.878  V 

493.675  UA 
509.112  UA 
538.798  UA 
522.174  UA 
538.798  UA 
515.049  UA 
520.986  UA 

1.055  UA 
1.117  UA 
0.847  UA 
1.216  UA 
0.914  UA 
0.742  UA 
1.098  UA 

1.115  V 
1.098  V 
1.132  V 
1.111  V 
1.109  V 
1.098  V 
1.082  V 


OUT.  LEAKAGE  CURRENT  [I(CEX)];25  DEC.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)]}25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [1(CEX)1;25  DEG.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)J;25  DEG.  C 
OUT.  LEAKAGE  CURRENT  ll(CEX)];25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)J;25  DEG.  C 

V(CE)SAT;I(C)-350MA;I(B)-500UA;25  DEG.  C 
V(CE)SAT;I(C)-350MA;1(B)-500UA;25  DEG.  C 
V(CE)SAT;1(C)-350MA:1(B)-500UA;25  DEC.  C 
V(CE)SAT;I{C)-350MA;I(B)-500UA:25  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500UA;25  DEG.  C 
V(CE)SAT;I(C)-350MA;1(B)-500UA;25  DEG.  C 
V(CE)SAT;l(C)-350MA;l(B)-500UA;25  DEG.  C 

V(CE)SAT;1(C)-200KA:1(B)-350UA;25  DEG.  C 
V(CE)SAT;l(C)-200MA;l(B)-350UA;25  DEG.  C 
V(CE)SAT;1(C)-200MA;I(B)-350UA;25  DEC.  C 
V(CE)SAT;I(C)-200MA;1(B)-350UA;25  DEG.  C 
V(CE)SAT;I(C)-200MA;1(B)-350UA;25  DEC.  C 
V(CE)SAT;1(C)-200MA;I{B)-350UA;25  DEG.  C 
V(CE)SAT;I(C)-200MA;1{B)-350UA;25  DEG.  C 

V(CE)SAT;I(C)-100MA;1(B)-250UA;25  DEC.  C 
V(CE)SAT;I(C)-100MA;I(B)-250UA;25  DEC.  C 
V(CE)SAT;I(C)-100MA;1(B)-250UA;25  DEG.  C 
V(CE)SAT;l(C)-100MA;I(B)-250UAj25  DEC.  C 
V(CE)SAT;I(C)-100MA:I(B)-250UA;25  DEG.  C 
V(CE)SAT;I(C)-100MAjl(B)-250UA;25  DEG.  C 
V(CE)SAT;I{C)»100MA;I(B)-250UA;25  DEC.  C 

INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEC.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 

VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(1N)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 
VOLT.  AT  INPUT;  V(IN)0N-5V;  25  DEG.  C 


1 


VI-30 


TEST  8 
8.0 
8.1 
8.2 

8.3 

8.4 

8.5 

8.6 

TEST  9 
9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 

TEST  10 
10.0 
10.1 
10.2 

10.3 

10.4 

10.5 

10.6 

TEST  11 
11.0 
11.1 
11.2 

11.3 

11.4 

11.5 

11.6 

TEST  12 
12.0 
12.1 
12.2 

12.3 

12.4 

12.5 

12.6 

TEST  13 
13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

13.6 

TEST  14 
14.0 

14.1 

14.2 

14.3 

14.4 

14.5 

14.6 


1.331  V 
1.306  V 
1.362  V 
1.327  V 
1.322  V 
1.308  V 
1.284  V 

1.766  V 
1.719  V 
1.820  V 
1.761  V 
1.751  V 
1.723  V 
1.684  V 

1.178  UA 
0.284  UA 
0.271  UA 
0.723  UA 
0.539  UA 
0.092  UA 
0.274  UA 

1.678  V 
1.486  V 
1.457  V 
1.455  V 
1.446  V 
1.446  V 
1.446  V 

1.968  UA 
1.821  UA 
2.016  UA 
2.031  UA 
1.725  UA 
1.660  UA 
1.574  UA 

1.259  V 
1.255  V 
1.248  V 

1.244  V 
1.239  V 

1.245  V 
1.248  V 

1.103  V 
l.lOl  V 
1.097  V 
1.094  V 
1.091  V 
1.095  V 
1.097  V 


VOLT 

VOLT 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 


at  IHPUT; 
at  INPUTj 
at  INPUT; 
at  INPUT; 
at  INPUT; 
at  INPUT; 
at  INPUT; 


V(1N)0N“6V; 

V(IN)0N-6V; 

V(IN)0N«6V; 

V(IN)0N-6V; 

V(IN)0N“6V: 

V(1N)0N-6V; 

V(IN)0N-6V; 


25  DEG. 
25  DEC. 
25  DEG. 
25  DEG. 
25  DEG. 
25  DEG. 
25  DEC. 


at  INPUT; 
at  INPUT; 
at  INPUT; 
at  INPUT; 
at  INPUT; 
at  INPUT; 
at  INPUT; 


V(IN)0N»8V;  25  DEC. 
V(IN)0N«8V;  25  DEG. 
VUN)0N-8V;  25  DEG. 
V{IN)0N-8V;  25  DEC- 
;V(IN)0N“8V;  25  DEG. 
'vCIN)0N»8V;  25  DEG. 
V{1N)0N-8V;  25  DEG. 


C 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


diode  leakage  current: i(r);  25  deg. 

DIODE  LEAKAGE  CURRENT, ICR) . 
diode  leakage  CURRENT; I(R).  ' 

diode  leakage  current;!  R);  25  DEG. 
diode  leakage  current;!  R);  25  DEC. 
diode  leakage  current; I(R):  25  DEC. 
diode  leakage  CURRENT; I (R).  25  DE 


diode  FORWARD 

diode  forward 
diode  forward 
diode  forward 
diode  forward 
diode  forward 
diode  forward 

OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAKAGE 
OUT.  LEAKAGE 


VOLTAGE :V{F); 
VOLTAGE ;V(F); 
VOLTAGE ;V(F); 
VOLTAGE ;V(F); 
VOLTAGE;V(F); 
VOLTAGE; V(F): 
VOLTAGE; V(F); 


25  DEG. 
25  DEG. 
25  DEG. 
25  DEG. 
25  DEG. 
25  DEC. 
25  DEC. 


C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


CURRENT  [I(CEX)J:'55  DEC. 
current  tl(CEX)]:'55  DEG. 
CURRENT  tI(CEX)l;'55  DEG. 
CURRENT  II(CEX));'55  DEG. 
CURRENT  lI(CEX));-p  UW- 
CURRENT  II(CEX)J;'55  DEG. 
CURRENT  lI(CEX)];-55  DEC. 


C 

C 

C 

C 

C 

C 

C 


V(CE)SAT;1{C)* 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)> 

V(CE)SAT;I(C)‘ 

V(CE)SAT;I(C)' 

V(.CE)SAT;1(C)' 

V(CE)SAT;1(C) 


.350MA;I(B)‘'850UA;-55  DEG. 
.350MA;I(B)-850UA;-55  DEG. 
.350MA;I{B)-850UA:-55  DEG. 
.350MA;1(B)-850UA;-55  DEG. 
.350«A;I(B)-850UA;-55  DEG. 
.350MA;1(B)-850UA;-55  DEC. 
-350MA;I(B)-850UA;-55  DEG. 


C 

c 

c 

c 

c 

c 

c 


V^CE) SAT; 1(C)* 
V{CE)SAT;I(C)* 
V(CE)SAT;I(C)* 
V(CE)SAT;I(C)' 
V(CE>SAT;HC)' 
V(CE)SAT;1(C)' 
V(CE)SAT;1(C) 


.200MA;I(B)* 

.200MA:1(B)* 

.200MA;I(B)‘ 

.200MA;1(B)' 

.200MA;I(B)' 

.200MA;1{B) 

-200HA;I(B) 


.550UA;-55  deg.  C 
■550UA;-55  deg.  C 
■550UA;-55  dec.  C 
•550UA;-55  DEG.  C 
•550UA;-55  deg.  C 
.550UA;-55  DEG.  C 
.550UA;'55  DLG.  C 


VI-31 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


15 
15.0 
1...1 

15.2 

15.3 

15.4 

15.5 

15.6 

16 


18.2 

18.3 

18.4 

18.5 

18.6 

19 

19.0 

19.1 

19.2 

19.3 

19.4 

19.5 

19.6 

20 


1.003 

1.001 

0.999 

0.998 

0.996 

0.998 

0.999 


1.180 

1.177 

1.173 

1.174 
1.167 

1.348 

1.330 

1.341 

1.338 

1.334 

1.334 

1.320 


V(CE)SAT;I(C)- 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)- 

V(CE)SAT;I(C)- 

V(CE)SAT;I(C)' 

V(CE)SAT;I(C)* 


'100MA;1(B)' 

■100MA;I(B)' 

‘100MA;I(B)" 

'100MA;1(B)* 

T00MA;1(B)* 

lOOMAjKB)' 

100MA;1{B)' 


'350UA;-55  DEG. 
'350UA;-55  DEG. 
'350L'A:-55  DEG. 
'350UA;-55  DEC. 
350UA;-55  DEG. 
350UA:*55  DEG. 
350UA;-55  DEG. 


16.0 

319.931 

UA 

INPUT  CURRENT 

WITH 

DEVICE 

ON; 

-55  DEC.  C 

16.1 

319.931 

UA 

INPUT  CURRENT 

WITH 

DEVICE 

ON; 

-55  DEG.  C 

16.2 

339.117 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

-55  DEG.  C 

16.3 

348.617 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

-55  DEG.  C 

16.4 

356.929 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

-55  DEG.  C 

16.5 

348.617 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

-55  DEG.  C 

16.6 

17 

330.805 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

-55  DEG.  C 

17.0 

2.223 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

-55  DEG.  C 

17.1 

2.569 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

-55  DEG.  C 

17.2 

2.258 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

-55  DEG.  C 

17.3 

2.519 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

-55  DEG.  C 

17.4 

2.249 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

-55  DEC.  C 

17.5 

1.975 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

-55  DEC.  C 

17.6 

IS 

2.107 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

-55  DEG.  C 

18.0 

1.183 

V 

VOLT. 

AT  INPUT;V(IN)0N-6V; 

-55  DEG.  C 

18.1 

1.173 

V 

VOLT. 

AT  INPUT;V(IN)0N-6V; 

-55  DEG.  C 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 

VOLT. 


AT  INPUT;V(1N)0N-6V; 
AT  1NPUT;V(IN)0N-6V; 
AT  INPUT; V( IN) 0N-6V; 
AT  INPUT; V( IN )0N-6V; 
AT  INPUT; V(IN)0N-6V; 


AT  INPUT; 
AT  INPUT; 
AT  INPUT; 
AT  INPUT; 
AT  INPUT; 
AT  INPUT; 
AT  INPUT 


V(IN)0N-8V; 

V(IN)0N-8V; 

V(IN)0N-8V; 

V(IN)0N-8V; 

V(IN)0N-8V; 

V(1N)0N-8V; 

V(1N)0N-8V; 


-55  DEC. 
-55  DEG. 
-55  DEG. 
-55  DEG. 
-55  DEG. 

-55  DEG. 
-55  DEG. 
-55  DEG. 
-55  DEC. 
-55  DEG. 
-55  DEG. 
■55  DEG. 


20.0 

1.685 

V 

VOLT. 

AT  INPUT; V(IN)0N-12V 

-55 

DEC. 

20.1 

1.654 

V 

VOLT. 

AT  INPUT;V(IN)0N-12V 

-55 

DEC. 

20.2 

1.675 

V 

VOLT. 

AT  INPUT; V(1N)0N-12V 

-55 

DEG. 

20.3 

1.669 

V 

VOLT. 

AT  INPUT; V(IN)0N“12V 

-55 

DEG. 

20.4 

1.660 

V 

VOLT. 

AT  INPUT; V( IN )0N-12V 

-55 

DEG. 

20.5 

1.662 

V 

VOLT. 

AT  INPUT; V(1N)0N-12V 

-55 

DEG. 

20.6 

21 

1.639 

V 

VOLT. 

AT  INPUT; V(IN)0N-12V 

-55 

DEG. 

21.0 

2.431 

UA 

DIODE 

LEAKAGE  CURRENT; I(R) 

-55 

DEG. 

21.1 

1.501 

UA 

DIODE 

LEAKAGE  CURRENT; I(R) 

-55 

DEG. 

21.2 

1.395 

UA 

DIODE 

LEAKAGE  CURRENT; I(R) 

-55 

DEG. 

21.3 

1.803 

UA 

DIODE 

LEAKAGE  CURRENT; I(R) 

-55 

DEG. 

21.4 

1.600 

UA 

DIODE 

LEAKAGE  CURRENT; I(R) 

-55 

DEG. 

21.5 

1.029 

UA 

DIODE 

LEAKAGE  CURRENT; 1(K) 

-55 

DEG. 

21.6 

1.649 

UA 

DIODE 

LEAKAGE  CURRENT; I(R) 

-55 

DEG. 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


VI-32 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


22 


22.0 

1 

.515 

V 

22.1 

1 

.461 

V 

22.2 

1 

.449 

V 

22.3 

1 

.441 

V 

22. A 

1 

.434 

V 

22.5 

1 

.432 

V 

22.6 

1 

.434 

V 

23 

23.0 

0 

.685 

UA 

23.1 

0 

.755 

UA 

23.2 

0 

.654 

UA 

23.3 

0 

.674 

UA 

23.4 

0 

.581 

UA 

23.5 

0 

.580 

UA 

23.6 

0 

.510 

UA 

24 

24.0 

1 

.155 

V 

24.1 

1 

.149 

V 

24.2 

1 

.134 

V 

24.3 

1 

.125 

V 

24.4 

1 

.116 

V 

24.5 

1 

.125 

V 

24.6 

1 

.122 

V 

25 

25.0 

0, 

.912 

V 

25.1 

0, 

.909 

V 

25.2 

0 

.901 

V 

25.3 

0, 

.895 

V 

25.4 

0. 

.890 

V 

25.5 

0. 

.895 

V 

25.6 

0. 

,893 

V 

26 

26.0 

0. 

,742 

V 

26.1 

0, 

,741 

V 

26.2 

0. 

736 

V 

26.3 

0. 

734 

V 

26.4 

0. 

,731 

V 

26.5 

0. 

733 

V 

26.6 

0. 

732 

V 

27 

27.0 

303. 

307 

UA 

27.1 

310. 

432 

UA 

27.2 

305. 

682 

UA 

27.3 

293. 

807 

UA 

27.4 

292. 

619 

UA 

27.5 

300. 

932 

UA 

27.6 

305. 

682 

UA 

28 

28.0 

2. 

155 

UA 

28.1 

1. 

799 

UA 

28.2 

1. 

950 

UA 

28.3 

1. 

540 

UA 

28.4 

1. 

790 

UA 

28.5 

1 . 

901 

UA 

28.6 

1. 

570 

UA 

DIODE  FORWARD  VOLTAGE ;V(F) 

DIODE  FORWARD  VOLTAGE;V(F) 

DIODE  FORWARD  VOLTAGE ;V(F) 

DIODE  FORWARD  VOLTAGE;V(F) 

DIODE  FORWARD  VOLTAGE ;V(F) 

DIODE  FORWARD  VOLTAGE;V(F) 

DIODE  FORWARD  VOLTAGE;V(F) 

OUT.  LEAKAGE  CURREKT  [I(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [l(CEX)];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  11(CEX)J;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  1I(CEX)];125  DEC.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)J;125  DEC.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)J;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  II(CEX)J;125  DEC.  C 

V(CE)SAT;I(C)-350MA;1(B)-500;UA;125  DEG.  C 
V(CE>SAT;l(C)-350>'iA;l(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA:I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;1(C)-350MA;I(B)-500;UA;125  DEG.  C 
V(CE)SAT;I(C)-350MA;I(B)-500;UA;125  DEC.  C 

V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEC.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA:I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA:125  DEG.  C 
V<CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  W:C.  C 
V(CE)SAT;I(C)-200MA;I(B)-350;UA;125  DEG.  C 

V(CE)SAT;I(C)-100HA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100HA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;1(B)»250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)»100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT;I(C)-100MA;I(B)-250;UA;125  DEG.  C 
V(CE)SAT:I(C)-100MA;I(B)-250;UA;125  DEG.  C 


INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

125 

DEG. 

C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

125 

DEG. 

C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEG. 

C 

INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

125 

DEG. 

c 

INPUT 

CURRENT 

WITH 

DEVICE 

ON; 

125 

DEG. 

c 

INPUT 

CURRENT 

WITH 

DEVICE 

ON;  125 

DEG. 

c 

INPUT 

CURRENT 

WITH 

DEVICE 

O.N; 

125 

DEC. 

c 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

125 

DEG, 

.  c 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

125 

DEG, 

.  c 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

125 

DEG. 

.  c 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

125 

DEC. 

,  c 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

125 

DEG. 

,  c 

INTUT 

CURRENT 

WITH 

DEVICE 

OFF 

125 

DEC.  C 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF 

125 

DEG. 

,  c 

-55  DEC.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 


VI-33 


TEST  29 


29.0 

0.957 

V 

VOLT. 

AT  INPUT;V(IN)0N-5V;  125 

DEG.  C 

29.1 

0.942 

V 

VOLT. 

AT  INPUT; V(1N)0N-5V;  125 

DEG.  C 

29.2 

0.956 

V 

VOLT. 

AT  INPUT; V(IN)ON-5V;  125 

DEG.  C 

29.3 

0.950 

V 

VOLT. 

AT  INPUT; V{IK)ON-5V;  125 

DEG.  C 

29.4 

0.939 

V 

VOLT. 

AT  INPUT;V(IN)0N-5V;  125 

DEG.  C 

29.5 

0.939 

V 

VOLT. 

AT  INPUT;V(IN)0N-5V;  125 

DEG.  C 

29.6 

0.926 

V 

VOLT. 

AT  INPUT;V(IN)ON-5V;  125 

DEG.  C 

TEST  30 

30.0 

1.178 

V 

VOLT. 

AT  1NPUT;V(1N)0N=7V;  125 

DEC.  C 

30.1 

1.152 

V 

VOLT. 

AT  1NPUT;V(1N)0N-7V;  125 

DEC.  C 

30.2 

1.173 

V 

VOLT. 

AT  INPUT;V(IN)0N-7V;  125 

DEG.  C 

30.3 

1.165 

V 

VOLT. 

AT  INPUT;V(1N)0N=7V;  125 

DEG.  C 

30.4 

1.151 

V 

VOLT. 

AT  INPUT;V(IN)0N=7V;  125 

DEG.  C 

30.5 

1.148 

V 

VOLT. 

AT  INPUT;V(IN)0N-7V;  125 

DEG.  C 

30.6 

1.125 

V 

VOLT. 

AT  1NPUT;V(IN)0N-7V;  125 

DEG.  C 

TEST  31 

31.0 

1.604 

V 

VOLT. 

AT  1NPUT;V(1K)0I;=13V;  125 

DEG.  C 

31.1 

1.562 

V 

VOLT. 

AT  INPUT;V(IN)ON-13V;  125 

DEG.  C 

31.2 

1.595 

V 

VOLT. 

AT  INPUT;V(1N)0N-13V;  125 

DEG.  C 

31.3 

1.579 

V 

VOLT. 

AT  INPUT;V(1K)0N-13V;  125 

DEG.  C 

31.4 

1.557 

V 

VOLT. 

AT  1NPUT;V(IN)0N-13V;  125 

DEG.  C 

31.5 

1.555 

V 

VOLT. 

AT  INPUT;V(ltC)0K-13V;  125 

DEG.  C 

31.6 

1.513 

V 

VOLT. 

AT  1NPUT;V(IN)0N'13V;  125 

DEG.  C 

TEST  32 

32.0 

0.912 

UA 

DIODE 

LE-UCACE  CURRENT;1(R) ;  125 

DEC.  C 

32.1 

0.732 

UA 

DIODE 

LEAKAGE  CURRENT;I(R);  125 

DEG.  C 

32.2 

0.757 

UA 

DIODE 

LEAKAGE  CURRENT; 1(R) ;  125 

DEC.  C 

32.3 

0.463 

UA 

DIODE 

LEAKAGE  CURRENT; I(R) ;  125 

DEC.  C 

32.4 

0.404 

UA 

DIODE 

LEAKAGE  CURRENT; I (R>;  125 

DEC.  C 

32.5 

0.561 

UA 

DIODE 

LEAKAGE  CURRENT; 1(R);  125 

DEG.  C 

32.6 

0.603 

UA 

DIODE 

LEAKAGE  CURRENT; I(R);  125 

DEG.  C 

TEST  33 

33.0 

1.382 

V 

DIODE 

FORWARD  VOLTAGE;V(F);  125 

DEG.  C 

33.1 

0.835 

V 

DIODE 

FORWARD  VOLTACE;V(F);  125 

DEG.  C 

33.2 

1.346 

V 

DIODE 

FORWARD  VOLTAGE; V(F);  125 

DEG.  C 

33.3 

1.270 

V 

DIODE 

FORWARD  VOLTAGE ;VCF);  125 

DEG.  C 

33.4 

0.864 

V 

DIODE 

FORWARD  VOLTAGE; V(F);  125 

DEG.  C 

33.5 

1.298 

V 

DIODE 

FORWARD  VOLTAGE;V(F);  125 

DEG.  C 

33.6 

1.047 

V 

DIODE 

FORWARD  VOLTAGE ;V(F);  125 

DEG.  C 

VI-34 


DEVICE  2293 


DEVICE  TYPE:  20P5 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


1 

l.n  D.039  D/l  O'lT.  LEAKAGE  CURRENT  [I(CEX)l;2b  DEG.  C 

1.1  0.237  UA  OUT.  leakage  CURRENT  ri(CEX)T;2b  DEG.  C 

1.2  0.247  UA  OUT.  LEAKAGE  CURRENT  [I(CEX)1;2B  DEG.  C 

1.3  0.P63  UA  OUT.  LEAKAGE  CURRENT  [I(CEX)'T;26  PEG.  C 

1.4  n.2fi2  UA  OUT.  leakage  CURRENT  [l(C£X)i;2b  DEG.  C 

1.5  0.271  UA  OUT,  leakage  CURRENT  [l(CEX)i;2b  PEG.  C 

1.6  1.19P  UA  OUT.  LEAKAGE  CURRENT  [I(CEX)i;2b  PEG.  C 

2 

2.0  1.307  V  V(C£)SAT;I(C)=3f0('A;I(B)  =  50C'UA;2b  DEG.  C 

2.1  1  .304  V  V(CE)SAT;I(Cl  =  350"A;l(R)=500lA;2-:  DEG.  C 

2.2  1.2P9  V  V(CE)SAT;l(C)=350fiA;l(R)=50DU»-,;2b  DEG.  C 

2.3  1.2R1  V  V(CE)SAT;I(C)*350UA;I(h)=bCDUA;2b  DEG.  C 

2.4  1  .274  V  V{CE)SAT;l(C)=3bONA;l(2;  =  bOUlJA;2t  DEG.  C 

2.6  1.286  V  V(CE)SAT;l(C)=350f'A;I(B)=60OUA;2b  PEG.  C 

2.6  1  .279  V  V(CE)SAT;l(C)=350fiA;I{B)=500UA;25  OEG.  C 

3 

3.0  1.066  V  V(CE)SAT:I(C)=200MA;nR)=3bniiA;2b  DEG.  C 

3.1  1.064  V  V{CE)SAT;I(C)=2DOUA;l(R)=3bOUA;2b  DEG,  L 

3.2  1.055  V  vrCE)SAT;I(C)=200MA;I(R)=3b0UA;25  DEG.  C 

3.3  1.051  V  V(CE)SAT;I{C)=200MA;l(P)=3b0UA;25  DEG,  C 

3.4  1  .047  V  V(CE)SAT;I(C)=20nUA;I(B)  =  350U,*;26  DEG.  C 

3.6  1  .053  V  V(CE)SAT;I(C)=200MA;I(El)=350UA;2b  DEG.  C 

3.6  1.049V  V(CE)SAT;I(C)=20CMA;I{B)=350UA;2b  DEG.  C 

4 

4.0  0.902  V  V{CE)SAT:1(C)'100MA;1(B)=2501;A;26  DEG.  C 

4.1  0.902  V  V(CE)SAT;I(C)»100I'A;I(R)=250UA;2b  DEG.  C 

4.2  0.897  V  V(CE)SAT;I(C)*100MA;l(B)=250UA;2b  DEG.  C 

4.3  0.895  V  V(CE)SAT;I(C)«in0KA;I(R)»250UA;25  DEG.  C 

4.4  0.893  V  V(CE)SAT;I(C)«100r?A;I(B)=250L'A;25  DEG.  C 

4.6  0.896  V  V{CE)SAT;I(C  *100tlA;I(B)=250UA;2b  DEG.  C 

4.6  0.804  V  V(CE)SAT;I(C)«100KA;1(B)*250UA;25  DEG.  C 

5 

5.0  1629.409  UA  INPUT  CURRENT  WITH  DEVICE  ON;  25  DE(..  C 

5.1  1662.669  UA  INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

5.2  1648.415  UA  INPUT  CURRENT  UITH  DEVICE  ON;  2b  DEG.  C 

5.3  1691.177  UA  INPUT  CURRENT  WITH  DEVICE  ON;  2b  DEG.  C 

5.4  1673.360  UA  INPUT  CURRENT  WITH  DEVICE  ON;  26  DEG.  C 

5.5  1681.675  UA  INPUT  CURRENT  WITH  DEVICE  ON;  2b  DEG.  C 

5.6  1636.536  UA  INPUT  CURRENT  WITH  DEVICE  ON;  25  PEG.  C 

6 


6.0 

7.771 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF; 

25 

DEG.  C 

6.1 

8.957 

UA 

INPUT 

CURRENT  WITH 

DEVICE 

OFF; 

25 

DEG.  C 

6.2 

7.667 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF;  25 

PEG.  C 

6.3 

8.174 

UA 

INPUT 

CUPPEK'T 

UITH 

DEVICE 

OFF;  25 

DEG.  C 

6.4 

7,861 

UA 

INPUT 

CURRENT 

WITH 

DEVICE 

OFF; 

?b 

DEG.  C 

6.5 

6,908 

UA 

INPUT 

CURRENT 

UITH 

DEVICE 

OFF; 

2b 

DEG.  C 

6.6 

9.952 

UA 

INPUT  CURRENT 

WITH 

DEVICE 

OFF; 

2b 

DEG.  C 

9 

0.0  1,73?  V  VOLT.  AT  INPUT; V{ IN)0U=2.4V;  25  DEG,  C 

9.1  1  .756  V  VOLT.  AT  ir'PUT;V  (IN)or:=2.4V;  25  DEG.  C 

9.2  1  .682  V  VOLT.  AT  INPUT '-VI  IN)0I.=2.4V;  25  DEG.  C 

9.3  1.736  V  VOLT.  AT  INPUT;V( IN)nN=2.4V;  2b  DEG.  C 

9.4  1.651  V  VOLT,  AT  I NPIIT ; V( IN )0N=2 .4V;  25  PEG.  C 

9.5  1.730  V  VOLT.  AT  INPUT; V( IN )0N=2 .4V;  2b  DEG.  C 

9.6  1,698  V  VOLT.  AT  INrUT;V( IN)ON=2.4V;  25  DEG.  C 


VI-35 


TEST  10 

m.n  o.f^f  U/*  PinOE  LE/'K/'CE  CL'PrEf:T;I(P);  25  DEG.  C 

10.1  0.504  DA  OIOPE  LEAKAGE  CUnREf:T;I(R) ;  25  PEG.  C 

10.2  O.P43  DA  DIODE  LEAKAGE  CDn!?EriT;HR);  25  DEG.  C 

10.3-  0.717  UA  DIOPE  LEAKAGE  CURRENT;  I  (P.) ;  25  DEG.  C 

10.4  0.164  DA  niOPE  leakage  CURRENT ; I (P ) ;  25  DEG.  C 

10.5  0.321  UA  OIOPE  LEAKAGE  CURRENT; 1 (R) ;  25  DEG.  C 

10.6  0.723  UA  DIODE  LEAKAGE  CURREt.T;l(R) ;  25  DEG.  C 

TEST  11 

11.0  1.690  V  niOPE  FOPWARO  VOLTAGE ; V ( F  ) ;  25  DEG.  G 

11.1  1  .639  V  PIOPF  FORV.'APP  VOLTAGE ; V ( F  ) ;  25  DEG.  C 

11  .2  1.623  V  DIODE  FOPUARD  VOLTAGE ;V(F  ) ;  25  DEG.  C 

11  .3  1  .603  V  DIODE  FOPl'ARD  VOLTAGE ; V (F  ) ;  25  PEG.  C 

11.4  1  .699  V  DIODE  FORV'ARD  VOLTAGE  ; V (F  } ;  25  DEG.  C 

11.5  1  .602  V  DIODE  FOPV;Apn  VOLTAC£;V(F);  25  DEG.  C 

11.6  l.SfiP  V  DIODE  FORI/APn  VOLTAGE;  V(r  ) ;  25  DEG.  C 

TEST  12 

12.0  n,0?7  I'A  OUT.  leakage  ClRREG'^  [HGE>.)];'53  DEu  .  G 

12.1  0.026  UA  OUT.  LEAKAGE  CURRENT  [l(CEX)l;-55  DEG.  C 

12.2  0.025  UA  OUT.  LEAKAGE  CURRENT  [l(CEX)];-55  DEG.  C 

12.3  0.026  UA  OUT.  LEAKACE  CURRENT  [I(CEX)];-55  DEC.  C 

12.4  0.026  UA  OUT.  LEAKAGE  CURRENT  [l(CEX)T;-55  DEG.  C 

12.5  0.026  UA  OUT.  LEAKAGE  CUPREM  [I  ;CEX).T;-55  DEG,  C 

12.6  0.027  UA  OUT.  LEAKAGE  CURRENT  [ 1 (CEX ) ] ;-55  DEG.  C 

TEST  13 

13.0  1  .347  V  V(CE)SAT;l(C)=350UA;I(B)»850UA.;-55  DEG.  C 

13.0  1.345  V  V(CE)SAT;I(C)=350UA;I(D)=fi50UA;-55  DEG,  C 

13.0  1.334  V  VfCE)SAT;I(C)»350MA;I(B)=P5UUA;-55  DEG.  C 

13.0  1.328  V  V(CE)SAT:1(C)*350MA;I(B)*850UA;-55  DEG,  C 

13.0  1.326V  V(CE)SAT;I(C)»350UA;I(6)*850UA;-55  DEG.  C 

13.0  1.340V  V(rE)SAT:I(C)*350MA;l(B)=85nUA;-55  DEG.  C 

13.0  1.329  V  V(CF)SAT;l(r)»350UA;l(P.)*K50UA;-55  DEG.  C 

TEST  14 

14.0  1.14P  V  V{CElSA.T;I(Cl*200UA;I(B)'55nUA;-55  DEG,  C 

14.1  1.147  V  V(CE)SAT;I(C)=2norA;HS)=550UA;-55  DEG.  C 

14.2  1,141  V  V(CE)SAT;I(C)'200UA;1(P.)=550UA;-55  DEG.  C 

14.3  1,137  V  V(rE)5AT;l(C)=20nuA,;](R)=550UA;-55  DEG.  C 

14.4  1.136  V  V(CE)SAT;I(C)=2O0MA;I(R)=550UA;-55  DEG.  C 

14.5  1.144  V  V(CE)SAT;I(C)=200f'A;I(B)=55vTUA;-55  DEG.  C 

14.6  1.137  V  V(CE)SAT;IfC)»200rA;I(P)=550UA;-55  DEG.  C 

TEST  15 

15,0  1.025  V  V(CE)SAT;I(C)  =  100UA;I(P)  =  350IIA;-55  DEG.  C 

15.1  1.024  V  V(CE)SAT;1(C)=1P0UA;1(P)=350UA;-55  DEG.  C 

15.2  1.021V  V(CE)SAT;UC)  =  100rA;l(B)  =  350UA;-55  DEG,  G 

15.3  1.019  V  V(CE)SAT;  I  (C )  =  IOl)I'A;  i  (B  )=55uijA  ;-35  DtG.  G 

15.4  I.OIP  V  V(CE)SAT;UC)  =  inOUA;l(F)=36auA;-55  DEG.  C 

15.5  1,02?  V  V(CC)SAT;i;c)=100UA,;l(P.)=35DUA;-55  DEG,  G 

15.6  I.OIR  V  V(rE)SAT;l(C)=100UA;I(B)=350UA;-55  DEG.  C 

TEST  16 

15.0  1420. 20P  UA  INPUT  CURRENT  UITH  DEVICE  ON 

16.1  1469. 910  UA  INPUT  CURpEIIT  G'ITH,  DEVICE  ON 

16.2  1477.225  I'A.  INPUT  ruPPENT  WITH  DEVICE  ON 

16.3  1521  .176  i|A  INPUT  CI'PRENT  WITH  DEVICE  ON 

16.4  1400,292  UA  INPUT  CUPPEUT  l.TTH  DEVICE  ON 

16.5  1521.314  UA  INPUT  CI'PRENT  UITH  DEVICE  CN 

16.6  1438. 219  UA  INPUT  rUPPEUT  UITH  DEVICE  OK 


-55  DEG.  C 
-55  DEi' .  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


TEST 


17 


17.0 

39.746 

UA 

INPUT 

riipopNT 

ITTu 

DEVICE 

OEE 

PEG . 

17.0 

39.746 

UA 

INPUT 

CURRENT 

uiTH 

DEVICE 

OEE 

-55 

CEu . 

17.0 

39.746 

UA 

INPUT 

CURRENT 

L'lTH 

DEVICE 

orr 

-55 

PEI.. 

17.0 

39.746 

UA 

INPUT 

CURRENT 

UITH 

DEVICE 

Or 

-5b 

PEG. 

17.0 

39.746 

UA 

INPUT 

fURRENT 

UITh 

DEVICE 

Of, 

-55 

PEG. 

17.0 

39.746 

UA 

INPUT 

CURRENT 

UITH 

DEVICE 

OFF 

-55 

UEi.. 

17.0 

39.746 

UA 

INPUT 

CURRENT 

UITH 

DEVICE 

OFF 

-55 

DEG. 

20 

20.0 

20.1 

20.2 

20.3 

20.4 

20.5 


1.715  V  VOLT.  4T  INFUT;V(U.)nri  =  3.0V 

1.72P.  V  VOLT.  AT  IflPUT  ;V(  IH  .OV 

1.5P7  V  VOLT.  AT  I opuT ; V ( 1 N ;0N=  3 .(’V 

1.596  V  VOLT.  AT  I  L'l'T  ;  V  f  IM0f;  =  3 ,0i 

1.648  V  VOLT.  4T  INPUT ;  V(  1 1.' )0N  =  3  .OV 

1.708  V  VOLT.  AT  INPUT;  V(  IN)0t:  =  2.0V 


-55  OEO.  L 
-55  DEG.  C 
-55  OEO.  C 
-55  DEG.  C 
-55  UEG.  C 
-55  OEO.  C 


20.6 

21 

21.0 

1 .677 

V 

VOLT. 

AT  ]NruT;V(iri)0U  =  3.OV;  -5 

PEG.  C 

3.65P. 

UA 

DIODE 

LEAKAGE 

CURRENT;  HR) 

-55 

DEG.  C 

21.1 

2.528 

11 A 

DIODE 

LEAKAGE 

CURRENT;  HR) 

-55 

DEG.  C 

21.2 

2.237 

UA 

DIODE 

leakage 

CURRENT;  HR) 

-55 

DEG.  G 

21.3 

2.344 

UA 

niOPE 

LEAKAGE 

CURRENT;  HR) 

-55 

DEG.  C 

21.4 

2.561 

UA 

DIODE 

LEAKAGE 

CURRENT;  HR) 

-55 

DEG.  C 

21.5 

3.00? 

UA 

DIODE 

LEAKAGE 

CURRENT;  HR) 

-5b 

DEG.  C 

21.6 

22 

22.0 

4.985 

UA 

DIODE 

LEAKAGE 

CURRENT;HP) 

-55 

DEG.  C 

1.630 

V 

DIODE 

FORWARD 

VOLTAGE;',  IF) 
VOLTAGE ;V{F) 

-55 

DEG.  C 

22.1 

1.605 

V 

DIODE 

FORWARD 

-55 

DEG.  C 

22.2 

1.596 

V 

DIODE 

FORWARD 

VOLTAGE ;V(F) 

-56 

PEG.  C 

22.3 

1.421 

V 

DIODE 

FORWARD 

VOLTAGE ;V(F) 

-55 

DEG.  C 

22.4 

1 .425 

V 

DIODE 

FORWARD 

VOLTAGE;V(F) 

-55 

DEG.  C 

22.5 

1  .4’'’ 

V 

DIDDE 

FORWARD 

VOLTAGE ;V(F) 

-55 

DEG.  C 

22.6 

1 .408 

V 

DIODE 

FORVIARD 

VOLTAGE ;V(F) 

-55 

DEG.  C 

C 

C 

C 

C 

C 

C 

C 


23 


23.0 

0 

.024 

UA 

23.1 

n 

.025 

UA 

23.2 

0 

.025 

11 A 

23.3 

0 

.022 

UA 

23.4 

n 

.023 

UA 

23.5 

0 

.025 

UA 

23.6 

0 

.025 

UA 

24 

24  .n 

1 

.276 

V 

24.1 

1 

.268 

V 

24.2 

1 

.253 

V 

24.3 

1 

.244 

V 

24.4 

1 

.233 

V 

?4.5 

1 

.247 

V 

24  .6 

1 

.241 

V 

25 

25.0 

0 

.9P1 

V 

25.1 

0 

.077 

V 

25.2 

n 

.^68 

V 

’F.3 

0 

.962 

V 

?6 .4 

'y 

.067 

V 

?6 ,6 

0 

.064 

V 

0 

.061 

V 

OUT.  LEAKAGE  CURRENT  [I(CEX)1;125  PEG.  G 
OUT.  LEAKAGE  CURRENT  ri(CEX)l;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [](rEX)3;125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)i;125  PEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)1;125  DEG.  C 
OUT.  leakage  CURRENT  [I(CEx;];125  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I{CEX)i;125  DEG.  C 

V(CE)SAT;I(C)=35nMA;] (B)=5UU;UA;125  PEG.  C 
V(CE)SAT;I(C)=350MA;I(B)-50C;IA;125  DEG.  C 
V(CE)SAT;1(C)=350MA;I(E)  =  50C’;IIA;125  DEG.  C 
V(CE)S4T;l(C)=350l’A;l(B)  =  50n;UA;125  UEG.  C 
VfCE)SAT;I(C)=350NA;IfB)-500;uA;125  PEG.  C 
VfCE)SAT;I(C)=350MA;I(B)=50n;UA;125  DEG.  C 
V(CE)SAT,I(C}  =  350MA ;I(P  )  =  500;UA;125  DEG.  C 

V(CE)SAT;!(C)  =  200rA;I(R)=25U;G'A;125  PEG.  C 
V(CE)'AT;](C)  =  200I1A;I(B:^350;UA;125  peg.  C 
VICE)  ,r;I(C)  =  20D»'A;](P.)'25C.;UA;125  PEG.  C 
V(Cf!-AT;I(C)  =  200UA;I(r)  =  350;;iA;125  PEl..  C 
V(CElSAT;I{r.)-2000A;I(P)  =  25(i;LA;125  PEG.  C 
V(CE)SAT;I{C)=2Gn^•.A;IfP)  =  25G;U;;1^5  DEG.  C 
VO"F)S''T;I(rl=2000A;IfP)=35C.'A;125  PEG.  C 


Vl-37 


TEST  26 

26.0 
26.1 
26.2 

26.3 

26.4 

26.5 

26.6 
TEST  27 

27.0 

27.1 

27.2 

27.3 

27.4 

27.5 

27.6 

TEST  28 

28.0 
28.1 
28.2 

28.3 

28.4 

28.5 

28.6 
TEST  31 

31.0 

31.1 

31.2 

31.3 

31.4 

31.5 

31.6 

TEST  32 

32.0 

32.1 

32.2 

32.3 

32.4 

32.5 
32.6. 

TEST  33 

33.0 

33.1 

33.2 

33.3 

33.4 

33.5 

33.6 


0.782  V 
0.779  V 
0.775  V 
0.773  V 
0.770  V 
0.773  V 
0.771  V 

1681  .675  HA 
1711.509  UA 
1692.503  HA 
1735.404  HA 
1712.835  HA 
1754.410  UA 
1703.332  UA 

3.995  UA 
4.108  UA 
4.471  HA 
3.595  HA 
4.122  HA 
4.187  HA 
3.410  HA 

1.657  V 
1.685  V 

1.618  V 
1.662  V 
1.579  V 
1.651  V 
1.610  V 

1  .430  UA 
0.925  UA 
0.569  UA 
0.721  UA 
0.904  UA 
0.667  UA 
0.537  UA 

1.619  V 
1.578  V 
1  .562  V 
1.540  V 
1  .522  V 
1  .530  V 
1.520  V 


V(CE)SAT;I{C)  =  100I-A;l(P,)=250;UA;12b  DEG.  C 
V(rE)SAT;I(C)=100fA;I(B)=250;0A;125  DEG.  C 
V(CE)SAT;r(C)  =  100f1A;l(R)=250;UA;125  DEG.  C 
V{r,E)SAT;!(C)=100HA;l(8)=250;GA;12b  DEG.  C 
V(C£)SAT;I(C)  =  10CriA;I(R)=25(l;i;A;125  DEG.  C. 
V(CE)SAT;I(C)-in0;iA;I(E)-250;HA;125  DEG.  C 
V(CE)SAT;I(C)  =  100HA;I{B)=250;i;A;125  OEb.  C 

INPUT  CUPRENT  WITH  DEVICE  OH;  125  DEG,  C 
INPUT  CURRENT  WITH  DEVICE  OH;  125  DEG.  C. 
INPUT  CURRENT  WITH  DEVICE  OH;  126  DEO.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OH;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OH;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  CH;  125  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DFVICE  OFF;  125  DEG.  C 
INPliT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CUPRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  126  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 

VOLT.  AT  INPUT; V(IN)0N=2.4V;  125  DEG.  C 
VOLT.  AT  1NPUT;V(IN)0N=2.4V;  125  DEG.  C 
VOLT.  AT  1NPUT;V(IN)CN=2.4V;  125  DEG.  C 
VOLT.  AT  INPUT; V(IN)0N>=2.4V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N=2.4V;  126  DEG.  C 
VOLT.  AT  INPUT;V(IH)0H=2.4V;  125  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N=2.4V;  125  DEG.  C 

DIODE  leakage  CURRENT; I (R ) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT, I (R ) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT;  I (R ) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT; I (R ) ;  125  DEG.  C 
DIODE  LEAKAGE  CURRENT ;  I (R ) ;  125  DEC.  C 
niODE  leakage  CURRENT ; I (R);  125  DEG.  C 
niODE  LEAKAGE  CURRENT ;  i (R ) ;  125  DEG.  C 

DIODE  FORWARD  VOLTAGE; V(F ) ;  125  DEG.  C 
DIODE  FOPWAPn  VOLTAGE ; V( F ) ;  125  DEG.  C 
DIODE  FOPWAPD  VOLTAGE ;V{F);  125  DEG.  C 
OIODF  FOPUAPP  VOLTAG£;V(F );  125  DEG.  C 
OIDDE  FOnWAPQ  VOLTAC,E;V(F);  125  DEG.  C 
DIODE  FORWARD  VOLTAGE ; V ( F  ) ;  125  DEG.  C 
DIODE  FORWARD  VOLTAGE ; V(F  ) ;  125  DEG.  C 


DEVICE  2295 


DEVICE  TYPE:  2005 


TEST  1 
1.0 
1.1 
1.2 

1.3 

1.4 

1.5 

1.6 
TEST  2 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 
TEST  3 

3.0 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 
TEST  4 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

TEST  5 
5.0 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

TEST  6 

6.0 
6.1 
6.2 

6.3 

6.4 

6.5 

6.6 

TEST  9 

9.0 

9.1 

9.2 

9.3 

9.4 

9.5 

9.6 


0.039  UA 
0.215  UA 
0.219  UA 
0.059  UA 
0.236  UA 
0.221  UA 
1.270  UA 

1.328  V 
1,322  V 
1.309  V 
’.300  V 
1.294  V 
1  .305  V 
1  .296  V 

1.080  V 
1.077  V 
1.069  V 
1.064  V 
1.060  V 
1.067  V 
1.062  V 

0.912  V 
0.911  V 
0.907  V 
0.904  V 
0.903  V 
0.906  V 
0.903  V 

1610.403  UA 
1691,177  UA 
1662.669  UA 
1724,713  UA 
1703.194  UA 
1718.774  UA 
1683.000  UA 

2.467  UA 
2.283  UA 
2.829  UA 
2.269  UA 
2,696  UA 
2,942  UA 

2.468  UA 

1,722  V 
1.745  V 
1.691  V 
1.728  V 
1.667  V 
1  .745  V 
1  .706  V 


OUT.  LEAKAGE  fliNnljiT  tI(C£X)3i25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)D;25  DEG.  C 
OUT.  LEAKAGE  CURRENT  [I(C£X)];25  DEG.  C 
OUT.  leakage  CURRENT  Cl(CEX)3:25  DEG.  C 
OUT.  leakage  current  [I(CEX)T;25  OEG.  C 
OUT.  LEAKAGE  CURRENT  [I(CEX)];26  DEG.  C 
OUT.  LEAKAGE  CURRENT  [1(CEX)];25  DEG.  C 


V{CE)SAT;1(C)=350MA;1/B)-500UA;25  DEG.  C 
V(CE)SAT;I(C)=350MA;I ;b)=500UA;25  OEG.  C 
V(CE)SAT;l(C)=350MA;l(B)=600UA;25  OEG,  C 
V(CE)SAT;I(C)*350MA;1(B)=500UA:25  DEG.  C 
V(CE)SAT;l(ci*350MA;I(B)'600UA;25  DEG.  C 
V(CE)SAT;1(C)'350MA;1(B)=500UA;25  DEG.  C 
V(CE)SAT;I(C)=350MA;1(B)*500UA;25  DEG.  C 

V(CE)SAT;UC)'20nHA;l(B)=350UA:25  DEG.  C 
V(CE)SAT;I(C)»200MA;I(B)*350UA;25  DEG.  C 
y(CE)SAT;I(C)'200MA;l(B)=350UA;25  DEG.  C 
V(CE)SAT;I(C)*200MA;I(B)=350UA;25  DEG.  C 
V(CE)SAT;1{C)=200MA;I(B)=350UA;25  DEG,  C 
V(CE)SAT;1(C)=200MA;I(B)=350UA;25  DEG.  C 
V(CE)SAT;I(C)*L00MA;1(B)'350UA;25  DEG,  C 


V(CE)SAT;I(C)*100MA;I(B)=250UA:25  DEG,  C 
VICE  SAT;l(C)*100«A;l(B)»250UA;25  DEG.  C 
V(CE)SAT;I(C)=100UA;1(B)=250UA;25  OEG,  C 
V(CE)SAT;I{C)*100MA;I(B)«260UA:25  DEG.  C 
V(CE)SAT;1(C)»100MA;I(B)-250UA;25  DEG.  C 
vkE)SAT;l(C)«100N!A;l(B)«250UA:25  DEG.  C 
V(CE1SAT:1(C)*100MA;I(B)-250UA;25  DEG.  C 


INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  PEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  OEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  ON;  25  DEG.  C 

INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG.  C 
INPtIT  CURRENT  WITH  DEVICE  OFF;  25  DEG,  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  OEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  OEG.  C 
INPUT  CURRENT  WITH  DEVICE  OFF;  25  DEG,  C 


VOLT.  AT  INPUT;V(IN)0N=2.4V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N=2.4V;  25  OEG.  C 
VOLT.  AT  INPUT;V(IN)0N=2.4V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N*2.4V;  25  DEG.  C 
VOLT.  AT  1NPUT;V(1N)0N«2.4V;  25  DEG.  C 
VOLT.  AT  INPUT;V(IN)0N*2.4V;  25  DEG,  C 
VOLT.  AT  INPUT;V(IN)0N=2.4V;  25  DEG.  C 


VI-3  9 


TEST  10 
10.0 
10.1 
10.2 

10.3 

10.4 

10.5 

10.6 
TEST  11 

11.0 

11.1 

11.2 

11.3 

11.4 

11.5 

11.6 

TEST  12 

12.0 
12.1 
12.2 

12.3 

12.4 

12.5 

12.6 
TEST  13 

13.0 

13.1 

13.2 

13.3 

13.4 

13.5 

13.6 
TEST  14 

14.0 

14.1 

14.2 

14.3 

14.4 

14.5 

14.6 

TEST  15 

15.0 

15.1 

15.2 

15.3 

15.4 

15.5 

15.6 

TEST  16 

16.0 
16.1 
16,2 

16.3 

16.4 

16.5 

16.6 


1.151  [)A 
0.813  UA 
0.303  UA 
0.385  UA 
0.701  UA 
0.641  UA 
0.215  UA 

1.652  V 
1.618  V 
1.605  V 
1.583  V 
1.574  V 
1.577  V 
1  .567  V 

0.024  UA 
0.024  UA 
0.024  UA 
0.026  UA 
0.024  UA 
0.023  UA 
0.025  UA 

1.365  V 
1.364  V 
1.353  V 
1.345  V 

1.342  V 
1.351  V 

1.343  V 

1.156  V 
1.154  V 
1.148  V 
1.143  V 

1.142  V 
1.147  V 

1.143  V 

1.027  V 
1,027  V 
1.023  V 
1.020  V 
1.020  V 
1.022  V 
1.020  V 

1397.639  UA 
1477.225  UA 

1473.662  UA 
1528.441  UA 
1506.922  UA 
1515.237  UA 

1473.662  UA 


DIODE  LEAKAGE  CURRENT; I (R) ;  25  DEG.  C 
DIODE  leakage  CURRENT; I (R)  ;  25  DEG,  C 
DIODE  LEAKAGE  CURRENT; I (R ) ;  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; I (R) ;  25  DEG,  C 
DIODE  LEAKAGE  CURRENT; I (R ) ;  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; I (R) ;  25  DEG.  C 
DIODE  LEAKAGE  CURRENT; I (R ) ;  25  DEG.  C 

DIODE  FORWARD  VOLTAGE; V(F ) ;  25  DEG.  C 
DIODE  FORWARD  VOLTAGE :V(F ) ;  25  DEG.  C 
DIODE  FORWARD  VOLTAGE;V(F ) ;  25  DEG,  C 
DIODE  FORWARD  VOLTAGE;V(F);  25  DEG,  C 
DIODE  FORWARD  VOLTAGE;V(F);  25  DEG.  C 
DIODE  FORWARD  VOLTAGE;V(F);  25  DEG.  C 
DIODE  FORWARD  VOLTAGE ;V(F  ) ;  25  DEG.  C 


OUT.  LEAKAGE  CURRENT 
OUT.  LEAKAGE  CURRENT 
OUT.  LEAKAGE  CURRENT 
OUT,  LEAKAGE  CURRENT 
OUT.  LEAKAGE  CURRENT 
OUT.  LEAKAGE  CURRENT 
OUT.  LEAKAGE  CURRENT 

V(CE)SAT;I{C)*350MA;: 

V(CE)SAT;I(C)-350MA;; 

V(CE)SAT;I(C)-350MA;1 

V{CE)SAT;I(C)«350MA;1 

V(CE)SAT:1(C)-350MA;1 

V(CE)SAT:I(C)-350MA; 

V(CE)SAT;I(C)=350MA; 

V(CE)SAT;l(C)-200fIA; 

V(CE)SAT;I(C)-20nMA; 

V{CE)SAT;I(C)«200MA; 

V(CE)SAT;I(C)-200HA; 

V(CE)SAT;I(C)«200MA; 

V(CE)5AT;I(C)-200MA; 

V(CE)SAT;1(C)=200MA; 


:i(CEX)];-55  DEG.  C 
;i{CEX)];-55  DEG.  C 
:i(CEX)];-55  DEG.  C 
:i{CEX)];-55  DEG.  C 
:i(CEX)];-55  DEG.  C 
:i(CEX)];-55  DEG.  C 
:i(CEX)];-55  DEG.  C 

(B)=850UA;-55  DEG,  C 
(B)>=850UA;-55  DEG.  C 
{B)-650UA;-55  DEG.  C 
(B)>>850UA;-55  DEG.  C 
(B)«850UA;-55  DEG.  C 
I(B)»850UA;-55  DEG.  C 
I(B)=850UA;-55  DEG.  C 

l(B)»550UA;-55  DEG.  C 
I(B)=550UA;-55  DEG.  C 
I(B)-550UA;-55  DEG.  C 
I(B)=550UA;-55  DEG.  C 
l(B)*550UA;-55  DEG.  C 
I(B)*55DUA;-55  DEG.  C 
I(B)-=550UA;-55  DEG,  C 


V(CE)SAT;I(C)*100MA;I(B)»350UA;-55  DEG,  C 
V(CE)SAT;I(C)*100MA;I(B)>=350UA;-55  DEG.  C 
V(CE)SAT:I(C)«100MA;l(B)*350UA;-55  DEG.  C 
V(CE)SAT;I(C)=100MA;I(B)=350UA;-55  DEG.  C 
V(CE)SAT;I{C)=100MA;l(B)=350UA;-55  DEG,  C 
V(CE)SAT;l(C)«100MA;l(B)=350UA;-55  DEG.  C 
V(CE)SAT;l(C)=100MA;I(B)=350UA;-55  DEG.  C 


INPUT  CURRENT  WITH  DEVICE  ON 
INPUT  CURRENT  WITH  DEVICE  ON 
INPUT  CURRENT  WITH  DEVICE  ON 
INPUT  CURRENT  WITH  DEVICE  ON 
INPUT  CURRENT  WITH  DEVICE  ON 
INPUT  CURRENT  WITH  DEVICE  ON 
INPUT  CURRENT  WITH  DEVICE  ON 


-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG,  C 
-55  DEG.  C 


VI-  40 


TEST  17 
17.0 

17.1 

17.2 

17.3 

17.4 

17.5 

17.6 
TEST  20 

20.0 

20.1 

20.2 

20.3 

20.4 

20.5 

20.6 

TEST  21 

21.0 

21.1 

21.2 

21.3 

21.4 

21.5 

21.6 

TEST  22 

22.0 

22.1 

22.2 

22.3 

22.4 

22.5 

22.6 

TEST  23 

23.0 

23.1 

23.2 

23.3 

23.4 

23.5 

23.6 
TEST  24 

24.0 

24.1 

24.2 

24.3 

24.4 

24.5 

24.6 

TEST  25 

25.0 

25.1 

25.2 

25.3 

25.4 


27.252  UA 
25.362  UA 
21.985  UA 
18.950  UA 
17.074  UA 
13.486  UA 
10.541  UA 

1  .727  V 
1.731  V 
1.694  V 
1.704  V 
1,659  V 
1.719  V 
1,683  V 

3.735  UA 
3.146  UA 
3,036  UA 
2.740  UA 
2.785  UA 
3.586  UA 
9.427  UA 

1.632  V 
1.608  V 
1.597  V 
1.579  V 
1.573  V 
1.577  V 
1.571  V 

0.026  UA 
0.026  UA 
0.025  UA 
0.025  UA 
0.024  UA 
0.026  UA 
0.025  UA 

1.309  V 
1.300  V 
1.284  V 
1.273  V 
1.264  V 
1.277  V 
1.268  V 

1.000  V 
0,995  V 
0.986  V 
0.980  V 
0.974  V 


CURRENT 

CURRENT 

CURRENT 

CURRENT 

CURRENT 

CURRENT 

CURRENT 


DEVICE  OFF 
DEVICE  OFF 
DEVICE  OFF 
DEVICE  OFF 
DEVICE  OFF 
DEVICE  OFF 
DEVICE  OFF 


VOLT.  AT 
VOLT.  AT 
VOLT.  AT 
VOLT.  AT 
VOLT.  AT 
VOLT.  AT 
VOLT.  AT 


INPUT;V(IN)0N=3,0V 

INPUT;V(IN)0N=3.0V 

INPUT;V(IN)0N=3,0V 

INPUT;V(IN)0N=3.0V 

1NPUT;V(IN)0N=3.0V 

INPUT;V(IN)0N=3.0V 

INPUT;V(IN)0N=3.0V 


LEAKAGE 

LEAKAGE 

LEAKAGE 

LEAKAGE 

LEAKAGE 

LEAKAGE 

LEAKAGE 

FORWARD 

FORWARD 

FORWARD 

FORWARD 

FORWARD 

FORWARD 

FORWARD 


CURRENT; I (R) 
CURRENT; I (R) 
CURRENT; I (R) 
CURRENT; I (R) 
CURRENT;I(R) 
CURRENT;I(R) 
CURRENT; I (R) 

VOLTAGE;V(F) 
VOLTAGE ;V(F 
VOLTAGE ;V(F) 
VOLTAGE ;V(F) 
VOLTAGE ;V(F) 
VOLTAGE  ;V(F) 
VOLTAGE ;V(F) 


F;  -55  DEG,  C 
-55  DEG.  C 
■;  -55  DEG.  C 
F;  -55  DEG.  C 
■;  -55  DEG.  C 
-55  DEG.  C 
S  -55  DEG.  C 

-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 


-55  DEG,  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG,  C 
-55  DEG,  C 
-55  DEG.  C 
-55  DEG,  C 

-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 
-55  DEG.  C 


OUT.  LEAKAGE  ( 
OUT.  LEAKAGE  ( 
OUT.  LEAKAGE  1 
OUT.  LEAKAGE  1 
OUT.  LEAKAGE  ( 
OUT,  LEAKAGE  ( 
OUT.  LEAKAGE  t 

V(CF)SAT;I(C)  = 

V(CE)SAT:I(C)' 

V(CE)SAT;I(C) 

V(CE)SAT;I(C) 

V{CE)SAT;I(C) 

V{CE)SAT;I(C)= 

V(CE)SAT;I(C)  = 


CURRENT  [I(CEX)];125  DEG.  C 
CURRENT  [I(CEX)];125  DEG.  C 
CURRENT  [I(CEX)];125  DEG.  C 
CURRENT  [I(CEX)3;125  DEG.  C 
CURRENT  [I(CEX)];125  DEG.  C 
CURRENT  [I(CEX)];}2S  DEG.  C 
CURRENT  [I(CEX)];125  DEG.  C 


350MA;I(P)  = 
350MA;I(B)^ 
350MA;I(B)- 
350MA;I(B)  = 
350MA;I(B)' 
350MA;1(B)> 
350MA;I(B)" 


500;UA;125  DEG,  C 
500;UA;125  DEG.  C 
500;UA;125  DEG,  C 
500;UA;125  DEG,  C 
500;UA;125  DEG.  C 
500;UA;125  DEG.  C 
500;UA;126  DEG.  C 


V(CE)SAT;I(C)=200MA;I(B)»350;UA;125  DEG.  C 
V(CE)5AT;I(C)»200f1A;I(B)*350;UA;125  DEG.  C 
V(CE)SAT;I(C)>200MA;I(B)=350;UA;125  DEG.  C 
V(CE)SAT;I(C)«200MA;1(B)=350;UA;125  DEG.  C 
V(CE)SAT;I(C)=200MA;I(B)'350;UA;125  DEG.  C 
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25.5 

0.981  V 

V{CE)SAT;I(C)*200MA;I(B)»350;UA;125  DEG. 

25.6 

0.976  V 

V(CE)SAT;I(C)-200MA;1(B)»350;UA;125  DEG. 

TEST 

26 

26.0 

0.792 

V 

V(CE)SAT;1(C)*100MA;I(B)-250;UA;125  DEG. 

26.1 

0.790 

V 

V(C£)SAT;I(C)=100MA;1{B)'250;UA;125  DEG. 

26.2 

0.785 

V 

V(CE)SAT;I(C)-100MA;I(B)=250;UA;125  DEG. 

26.3 

0.782 

V 

V(CE)SAT;I(C)*100MA;I(B)=250;UA;125  DEG. 

26.4 

0.779 

V 

V(CE)SAT;I(C)=100MA;I(B)*250;UA;125  DEG. 

26.5 

0.783 

V 

V(CE)SAT:I{C)=100MA;I(B)=250;UA;125  DEG, 

26.6 

0.780 

V 

V{CE)SAT;I(C)*100MA;1(B)=250;UA;125  DEG, 

TEST 

27 

27.0 

1667.420 

UA 

INPUT 

CURRENT  WITH  DEVICE  ON;  125  DEG.  C 

27.1 

1729.465 

UA 

INPUT 

CURRENT  WITH  DEVICE  ON;  125  DEG,  C 

27.2 

1711,647 

UA 

INPUT 

CURRENT  WITH  DEVICE  ON;  125  DEG.  C 

27.3 

1760.349 

UA 

INPUT 

CURRENT  WITH  DEVICE  ON;  125  DEG.  C 

27.4 

1729.465 

UA 

INPUT 

CURRENT  WITH  DEVICE  ON;  125  DEG.  C 

27.5 

1741.343 

UA 

INPUT 

CURRENT  WITH  DEVICE  ON;  125  DEG,  C 

27.6 

1703.194 

UA 

INPUT 

CURRENT  WITH  DEVICE  ON;  125  DEG.  C 

TEST 

28 

28.0 

3.210 

UA 

INPUT 

CURRENT  WITH  DEVICE  OFF;  125  DEG,  C 

28.1 

3.547 

UA 

INPUT 

CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 

28.2 

3.859 

UA 

INPUT 

CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 

28.3 

3.469 

UA 

INPUT 

CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 

28.4 

3.687 

UA 

INPUT 

CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 

28.5 

3.626 

UA 

INPUT 

CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 

28.6 

3.467 

UA 

INPUT 

CURRENT  WITH  DEVICE  OFF;  125  DEG.  C 

TEST 

31 

31.0 

1.663 

V 

VOLT. 

AT  INPUT;V(1N)0N-2.4V;  125  DEG.  C 

31.1 

1.691 

V 

VOLT. 

AT  1NPUT;V{1N)0N-2.4V;  125  DEG.  C 

31.2 

1.623 

V 

VOLT. 

AT  INPUT;V(IN)0N=2.4V;  125  DEG.  C 

31.3 

1.660 

V 

VOLT. 

AT  INPUT;V{1N)0N«2.4V;  125  DEG.  C 

31.4 

1.582 

V 

VOLT. 

AT  1NPUT;V(IN)0N»2.4V;  125  DEG.  C 

31.5 

1.656 

V 

VOLT. 

AT  INPUT;V(IN)0N-2.4V;  125  DEG.  C 

31.6 

1.607 

V 

VOLT. 

AT  INPUT;V(1N)0N>=2,4V;  125  DEG.  C 

TEST 

32 

32.0 

1.259 

UA 

DIODE 

LEAKAGE  CURRENT; I (R) ;  125  DEG.  C 

32.1 

0,610 

UA 

DIODE 

LEAKAGE  CURRENT;I(R);  125  DEG.  C 

32.2 

0.580 

UA 

DIODE 

LEAKAGE  CURRENT;1(R);  125  DEG.  C 

32.3 

0.762 

UA 

DIODE 

LEAKAGE  CURRENT; 1(R);  125  DEG.  C 

32.4 

0.770 

UA 

DIODE 

LEAKAGE  CURRENT; I (R);  125  DEG.  C 

32,5 

0.394 

UA 

DIODE 

LEAKAGE  CURRENT; I (R ) ;  125  DEG.  C 

32.6 

0.479 

UA 

DIODE 

LEAKAGE  CURRENT; I (R) ;  125  DEG.  C 

TEST 

33 

33.0 

1.611 

V 

DIODE 

FORWARD  V0LTAGE;V(F);  125  DEG.  C 

33.1 

1.574 

V 

DIODE 

FORWARD  VOLTAGE;V(F);  125  DEG.  C 

33,2 

1.553 

V 

DIODE 

FORWARD  VOLTAGE ;V{F);  125  DEG.  C 

33,3 

1.531 

V 

DIODE 

FORWARD  VOLTAGE;V(F);  125  DEG.  C 

33.4 

1.513 

V 

DIODE 

FORWARD  VOLTAGE ;V(F);  125  DEG.  C 

33.5 

1.521 

V 

DIODE 

FORWARD  VOLTAGE;V(F);  125  DEG,  C 

33.6 

1.512 

V 

DIODE 

FORWARD  VOLTAGE;V(F);  125  DEG.  C 

( 


VI-4  2 


SECTION  VII 

REGULATING  PULSE  WIDTH  MODULATORS 
MIL-M-38510/126A 


TABLE  OF  CONTENTS 


Para 

Title 

List  of  Figures 

Vll-ii 

List  of  Tables 

Vll-iii 

7.1 

Introduction 

VII-1 

7.2 

Device  Types 

Vll-i 

7.3 

Test  Development 

VII-6 

7A 

Test  Results  and  Discussion 

vir-8 

7.5 

Conclusions  and  Recommendations 

vn-25 

7.6 

Bibliography 

VII-34 

Vll-i 


LIST  OF  FIGURES 


Figure 

Title 

Page 

7-1 

Block  Diagrams 

VII-3 

7.2 

Test  Circuits 

VII-9 

7.3 

Error  Amplifier  Test  Circuit 

VII-13 

7.4 

Unity  Gain  Bandwidth  Test  Circuit 

VII-I3 

7.5 

Circuit  Waveforms 

VII-16 

7.6 

Burn-In  Circuit  1526 

VII-26 

Vll-ii 


7.1  INTRODUCTION 

This  section  reviews  the  characterization  effort  for  Regulating  Pulse  Width 
Modulators  (PWM)  which  are  replacing  conventional  shunt  regulators  in  many  power 
supply  applications.  Shunt  regulator  type  power  supplies  operate  in  a  continuous 
mode  and  dissipate  large  amounts  of  power  when  the  difference  between  input  and 
output  voltage  is  large.  The  PWM  type  power  supply,  however,  switches  an  output 
transistor  to  regulate  duty  cycle.  The  transistor  is,  therefore,  either  saturated  or 
cutoff  which  allows  high  efficiency  operation.  This  high  efficiency  makes  pulse 
width  modulator  devices  good  candidates  for  inclusion  into  the  MIL-M-38510  general 
specification  system.  The  device  types  specified  in  MIL-M-385 10/126  are  listed  in 
Table  7.1.  The  list  of  manufacturers  represent  those  which  were  evaluated. 

TABLE  7.1  DEVICE  TYPE  SPECIFICATION 
Device  General  Manufacturer  Description 

01  1524  LT,  SG,  U  General  Purpose 

02  1525  SG,  U  Totem-pole  200mA  Output  NOR  Logic 

03  1526  LT,  M,  SG,  U  TTL/CMOS  Logic  Parts 

04  1527  LT  Same  as  1525  OR  Logic  Output 

LT  -  Linear  Technology 
M  -  Motorola 
SG  -  Silicon  General 
U  -  Unitrode 

7.2  DESCRIPTION  OF  DEVICE  TYPES 

A  pulse  width  modulator  requires  the  following  four  basic  elements  for 
operation:  voltage  reference,  error  amplifier,  oscillator  and  differential  voltrge 
comparator. 
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The  voltage  reference  provides  the  stable  reference  source  for  the  internal 
circuitry.  A  transconductance  amplifier  is  used  in  the  error  amplifier  design  to 
provide  output  impedances  greater  than  two  mega  ohms.  The  oscillator  whose 
frequency  is  obtained  using  an  external  resistor  (R-^)  and  capacitor  (Cj)produces  two 
waveforms.  The  first  waveform  is  a  logic  clock  used  for  internal  synchronization; 
the  second  is  a  sawtooth  waveform  which  the  voltage  comparator  combines  with  the 
error  amplifier  output  and  an  external  compensation  pin  to  vary  the  duty  cycle  of 
the  output  transistors. 

Figure  7.1  contains  the  block  diagrams  of  device  types  01  through  04.  By 
examining  the  diagrams  apparent  differences  can  easily  be  seen.  Device  type  01  is 
the  1524  and  is  the  oldest  of  the  pulse  width  modulator  designs.  It  includes  the  four 
previously  discussed  elements  as  well  as  a  current  limiter,  shutdown  circuit  and 
output  stage.  The  current  limiter  decreases  output  pulse  width  when  the  input 
threshold  is  greater  than  200mv.  The  shutdown  circuit  removes  the  drive  signal 
from  the  comparator  to  deactivate  the  output.  The  output  consists  of  two  NPN 
transistors  with  open  collectors  and  emitters,  which  allow  switching  of  either  PNP 
or  NPN  transistors. 

The  1525  and  1527  (Device  types  02  and  04)  are  identical  with  the  exception 
that  the  1525  contains  a  logical  NOR  gate  in  the  output  stage  whereas  the  1527 
contains  a  logical  OR  gate.  The  following  discussion  is  'elevant  to  both  of  the 
devices.  Since  both  devices  are  based  on  the  1524,  only  heir  differences  will  be 
described.  The  dead  time  can  now  be  controlled  in  these  later  designs  by  using  a 
small  resistor  (RD  less  than  100  ohm)  connected  between  the  discharge  pin  and  the 
Cj  pin.  By  using  a  capacitor  on  pin  8,  the  soft  start  circuitry  gradually  increases 
the  duty  cycle  of  the  output  transistor  as  the  supply  voltage  is  increased  over  8 
volts.  As  the  capacitor  charges  to  its  full  potential,  the  error  amplifier  takes 
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Device  Type  02,  04 
Figure  7-1  (cont.)  Block  Diagram 


Device  Type  03 
-1  (cont.)  Block  Diagram 


control  of  the  comparator,  allowing  a  steady  and  even  powering  of  the  device.  The 
outputstage  has  been  redesigned  into  a  totem-pole  configuration  which  has  a  low 
impedance  in  both  the  "on"  and  "off"  state.  Logic  in  the  1525  yields  a  high  output 
pulse  during  a  transistor  on  state  while  the  1527  gives  a  high  output  pulse  during  the 
transistor  "off"  state.  The  final  element  added  was  the  undervoltage  lockout  which 
is  activated  if  the  supply  voltage  is  less  than  8  volts. 

The  1526  is  similar  to  the  1525  in  that  it  contains  an  error  amplifier, 
comparator,  oscillator,  reference,  undervoltage  lockage,  soft  start,  and  shutdown. 
The  improvements  include  the  addition  of  three  digital  ports  (RESET,  SYNC  and 
SHUTDOWN)  capable  of  driving  TTL  and  5V  CMOS  logic  directly.  The  digital  ports 
are  normally  at  a  high  state  and  are  activated  by  driving  them  low.  Pulling  RESET 
low  will  discharge  the  soft  start  capacitor.  Releasing  RESET  allows  the  device  to 
slowly  turn  on.  The  SHUTDOWN  pin  being  pulled  LOW  will  inhibit  all  output  pulses. 
The  final  port,  SYNC,  is  used  to  control  the  frequency  via  an  external  source. 

The  error  amplifier  common  mode  range  in  the  1524  is  1.8V  to  3.4V  which  was 
found  to  be  inadequate  due  to  the  fact  that  the  range  did  not  cover  the  reference 
voltage  (5.1V)  and  ground.  The  1525/1527  improved  on  this  by  having  a  range  of 
1.5V  to  5.2V,  however,  ground  was  still  not  in  the  common  mode  range.  The  error 
amplifier  of  the  1526  corrects  all  of  the  above  problems  by  having  a  range  of  OV  to 
5.2V. 

7.3  TEST  DEVELOPMENT 

A  list  of  parameters  used  to  characterize  the  pulse  width  modulators  are 
contained  in  Table  7.2.  The  table  contains  the  parameters  which  are  common  to  all 
four  device  types.  The  parameters  which  are  unique  to  various  PWM's  are  listed  in 
Table  7.3. 
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TABLE  7.2  TEST  PARAMETERS 


Symbol 

^lO’  ^lO 

'iB 

CMR 

^VS 

SVRR 

^BW 

V 

'^REF 

'^RLINE,  '^RLOAD 

*OS 

fosc 

fosc(min),  (max) 
AIosc/aVjj^ 
tpw 

^RAMP 
^R’  ^F 

'^OH,  '^OL 
ton/tosc 

I. 

in 


Parameter 

Input  Offset  Voltage  and  Current 
Bias  Current 
Common  Mode  Rejection 
Voltage  Gain 

Supply  Voltage  Rejection  Ratio 

Unity  Gain  Bandwidth 

Output  Voltage 

Line  and  Load  Regulation 

Ripple  Rejection 

Short  Circuit  Current 

Noise  Voltage 

Initial  Frequency 

Minimum,  Maximum  Frequency 

Voltage  Stability 

Clock  Pulse  Width 

Ramp  Voltage 

Rise  and  Fall  Time 

Collector  Current 

Output  High,  Output  Low 

Minimum  and  Maximum  Duty  Cycle 

Power  Supply  Current 


Element 
Error  Amplifier 


Reference 


Oscillator 


Output 

Comparator 
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TABLE  7.3  ADDITIONAL  TEST  PARAMETERS 


Device  Type 


Symbol 


Test  Parameters 


Current  Limit  Sense  Voltage 
Shutdown  Voltage 


02,  04 


^SS,  ^SS 

I  V 
^SD,  SD 


Soft  Start  Current,  Voltage 
Shutdown  Current,  Voltage 


03  Vg  Current  Limit  Comp.,  Sense 

Voltage 

Ijgg  Current  Limit  Comp.,  Bias  Current 

Ijj^  Ijj^  Input  Current,  Digital  Ports 

Vqlp  '^oHP  Output  Voltage,  Digital  Ports 

Vj^  Under  Voltage  Lockout 

I^g  Capacitor  Charging  Current 

V^^  Error  Clamp'  Voltage 

The  majority  of  the  testing  for  these  parameters  was  performed  using  bench  top  test 
circuits  (shown  in  Figure  7.2)  and  equipment,  with  a  limited  amount  of  Automatic 
Test  Equipment  being  utilized  to  evaluate  the  1524. 


7.4  TEST  RESULTS  AND  DISCUSSION 
Error  Amplifier; 

In  order  to  perform  proper  testing,  a  nulling  amplifier  must  be  used,  such  as  the 
OP07  which  was  used  in  our  case.  The  nulling  amp  suppresses  the  natural  oscillation 
tendencies  of  the  error  amplifier  (E.A.),  and  also  controls  the  output. 
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Test  Circuit 


I  VRMS 


Device  Type  02,  04 
Figure  7-2  (cont.)  Teet  Circuit 


M.T  iMfuiT 


v/»  -X 

«.  o 
>  3- 
—  ci 


»»>  ^  ^  ^  *** 

K 

■s 

-  fw  c"  3“  crt 


2r  «  cJ  —  ® 


0 

, 

©1 

IV- 

4* 

'J 

S 

‘i^S 


«  4  0 

U  % 

«  •  «  a 

w  w  « 

«  o 

ta  M 

0^  V) 

^  B  U  ^ 

iM  «•*  «  ;> 

•*4  ID  Ck  U 
p-«  ID  « 

Gk  W  U  X 

BO 

m  ^  o 

22  c 

•*4  O  «  M 

«  W*>  ID 

C  <«>  «  « 

C  k« 

O  C  •  y* 

O  *-  3  CN  IM 

«  «•  W)  ^ 

h>  iTi  M  I  U 

4<  CO  tf)  •««  0^ 

Ck  2  «  zo. 
O  aC  06  +(>  « 


crt  -*1  «N|  r>| 

Id 


vii-ii 


S  V  unless  othervlse 


The  two  input  voltages  are  set  to  2.5  volts  (the  center  of  the  error  amp  common 
mode  range)  and  is  equal  to  OV  for  the  following  tests;  Input  Offset  Voltage  Vjq. 
Input  Bias  Current  Ijq,  and  Input  Offset  Current  Ij^,  The  test  circuit  is  shown  in 
Figure  7.3.  The  offset  voltage  is  determined  by  the  following  equation  = 
VQ/Gain,  (Vq  is  measured  with  relays  K1  and  K2  closed).  The  input  bias  currents 
are  determined  by  the  following  method:  For  close  the  K1  relay,  open  the  K2 
relay  and  measure  at  the  output  of  the  error  amplifier;  Ijj^^  =  (VQ-VQp/(Gain  x 
1000).  For  Ijg_,  open  the  K1  relay,  close  the  K2  relay  and  measure  Vq2  at  the 
output.  Ijg_  =  (VQ-VQ2)/(Gain  x  1000).  The  offset  current  Ijq  is  determined  by 
taking  the  difference  between  the  plus  and  minus  bias  currents. 

For  the  common  mode  rejection  (CMR),  the  Vj^  is  set  to  0  volts  and  the  input 
voltage  to  the  error  amplifier  is  varied  over  the  common  mode  range  (  V^p^)j  this  is 
different  for  each  device  type. 

CMR  =  20  log  X  gain 

For  both  the  gain  (Ay^)  and  supply  voltage  rejection  (SVRR)  tests,  Vjj^  is  set  to 
2.5  volts.  The  voltage  gain  Ay^  measurement  is  performed  by  varying  the  negative 
input  of  the  nulling  Amp  (Vj^)  over  the  common  mode  range  of  the  EA,  and 
measuring  the  change  in  V^. 

Ayg  =  lOlog  ((c^j^/^Vq)*  gain) 

The  SVRR  is  determined  by  varying  the  supply  voltage  to  the  chip  and 
measuring  the  change  in  Vq. 

SVRR  =  20  log  gain) 

Unity  Gain  Bandwidth  (Gg^)  must  be  determined  using  a  separate  test  circuit 
as  shown  in  Figure  7.4.  The  Gg^  is  measured  by  increasing  the  frequency  of  e., 
starting  at  lOOKHz,  until  the  magnitude  of  e^  =  e..  The  frequency  at  which  this 
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5»f^ 


Figure  7-3  Error  Amplifier  Test  Circuit 


tOKA 


Figure  7-4  Unity  Gain  Bandwidth  Test  Cicuit 
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occurs  is  the  Unity  Gain  Bandwidth.  An  alternative  method  of  obtaining  Gg^  is  to 
apply  the  minimum  limit  frequency  in  e.  and  measure  the  magnitude  of  e^;  if  e^  is 
greater  than  or  equal  to  e.  the  device  passes.  This  method  allows  the  test  to  be 
performed  by  ATE. 

Reference; 

Since  many  of  the  internal  elements  of  the  device  are  dependent  on  the 
reference  voltage,  a  special  effort  was  made  to  perform  thorough  testing  to  insure 
stability  and  accuracy.  The  reference  voltage  is  determined  by  measuring  the 

voltage  on  the  reference  pin,  with  only  ground  and  applied  to  the  device. 

Line  regulation  is  found  by  measuring  the  difference  in  the  reference  voltage 
when  the  power  supply  is  varied  between  8V  and  40V  for  device  type  01  (8V  and  35V 
for  device  types  02-04).  The  load  regulation  measurement  is  performed  in  the  same 
way,  however,  the  power  supply  is  held  constant  and  the  load  current  on  the 
reference  is  varied  between  20mA  and  0mA.  The  short  circuit  limit  is 
determined  by  grounding  the  reference  and  measuring  the  current  flow  out  of  the 
reference. 

The  two  remaining  tests  in  the  reference  section  are  ripple  rejection  and  output 
noise  (Nq).  The  ripple  rejection  is  determined  by  adding  a  1  2400Hz  sine 

wave  to  the  supply  voltage,  and  the  change  in  Vj^gp  is  measured  to 
For  frequency  components  between  lOHz  and  lOKHz,  the  noise  is  found  using  a 
filter  to  block  the  unwanted  frequency  on  a  noise  analyzer. 

Oscillator; 

The  initial  frequency  test  is  used  to  determine  how  well  the  device  functions  in 
its  normal  operating  range.  This  frequency  {50KHz  for  device  type  01,  40KHz  for 
device  types  02-04)  is  used  for  the  various  tests  in  the  oscillator  section,  such  as 
initial  frequency,  voltage  and  temperature  stability,  ramp  voltage  and  clock  pulse 
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width.  The  initial  frequency  (fosc)  is  measured  using  a  precision  timing  resistor  and 
capacitor;  both  components  must  be  within  +/-  0.1%  of  the  specified  value.  The 
timing  capacitor  should  be  polystyrene,  tuned  with  a  mica  capacitor  for  standardiza¬ 
tion  of  the  components.  For  device  type  03,  a  40KHz  output  frequency  is  considered 
a  critical  frequency  for  testing.  Since  the  output  in  the  03  device  is  twice  the 
frequency  of  the  oscillator,  it  was  determined  that  the  frequency  should  be 
measured  at  the  output  rather  than  at  the  oscillator.  The  testing  of  the  01,  02,  and 
04  device  types  was  performed  on  the  output  of  the  oscillator.  For  these  devices, 
there  is  a  one  to  one  correspondence  between  the  oscillator  and  output  frequencies. 
Due  to  this  relationship  and  the  fact  that  the  output  requires  a  greater  number  of 
connections  in  order  to  function,  the  oscillator  output  was  chosen  for  frequency 
measurements.  The  capacitor  and  resistor  are  chosen  in  the  same  manner  to 
measure  the  minimum  and  maximum  frequencies. 

The  initial  oscillator  frequency  limit  for  the  1524  device  is  specified  over  a 
large  range  (47 KHz  to  58KHz  at  25^0  and  is  a  result  of  the  differences  in 
frequencies  between  the  various  vendors.  On  the  average  the  devices  from  each 
vendor  showed  good  accuracy,  with  a  frequency  distribution  of  3  to  4  percent  around 
the  center  frequency.  (For  example,  a  particular  manufacturer  has  a  center 
frequency  of  50KHz  and  a  range  of  values  between  47.5KHz  and  52.5KHz.  Another 
has  a  center  frequency  of  56KHz  and  a  range  of  54.5KHz  to  57.5KHz,  with  the 
remainder  of  the  manufacturer  devices  between  these  two  ranges.) 

The  voltage  stability  test  fosc/  as  the  name  implies,  examines  the 

effect  that  power  supply  variations  have  on  the  initial  frequency.  The  supply 
voltage  is  varied  over  the  full  range,  and  the  change  in  frequency  measured.  Clock 


pulse  width  t 

pw 


for  the  1526  device  (as  shown  in  Figure  7.5a)  is  measured  from  the 


midpoint  of  the  falling  edge  to  the  midpoint  of  the  rising  edge. 
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C,  Maximum  Duty  Cycle 


Output  A,  B 


Device  Type  02,  03 


Device  Type  01,  04 


Figure  7-5  (cont.)  Circuit  Waveforms 
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D.  Minimum  Duty  Cycle 


Output  A,  ^ 


Device  Type  02,  03 


Output  A,  B 


Device  Type  04 


Figure  7-5  (cont.)  Circuit  Waveforms 
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E,  Shut-Down  Delay 
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For  the  other  three  device  types,  the  clock  waveform  is  inverted.  The  final  test  is 
ramp  voltage  which  is  determined  by  examining  the  waveform  on  the  timing 
capacitor  pin  shown  also  in  Figure  7.5a.  The  valley  voltage  measured  from 

the  0  volt  reference  point  to  the  minimum  value  of  the  waveform.  The  peak  voltage 
(Vr?)  is  measured  from  0  to  the  maximum  value  obtained  by  the  wave. 

Output: 

The  output  section  tests  are  as  follow:  rise  and  fall  time,  collector  current  and 
output  high  and  low  voltages.  The  rise  and  fall  times  are  measured  on  both  outputs 
A  and  B  (shown  in  Figure  7.5b)  and  are  denoted  as  Tr  and  Tp.  The  circuit  requires 
that  the  timing  resistor  and  capacitor  be  connected  together,  and  includes  a  pull  up 
resistor  on  the  collector  of  the  output  transistor.  The  error  amplifier  is  forced  high 
to  minimize  its  effects.  As  can  be  seen  in  the  figure,  the  Tr  is  measured  from  the 
10%  point  to  the  90%  point  and  Tp  is  from  90%  to  10%  point. 

Collector  current  is  the  amount  of  current  flow  into  the  output  transistors 
while  in  the  "ON"  state.  For  the  02,  03  and  04  devices,  the  output  transistors  are 
totem  poled  together,  therefore,  there  is  only  one  measurement.  For  device  type 
01,  two  separate  measurements  are  required.  The  two  remaining  tests  are  output 
high  Vqj_j  and  output  low  voltages  which  are  also  referred  to  as  emitter  output 
voltage  and  saturation  voltage,  respectively.  The  timing  components  are  not 
connected  for  either  test.  For  output  high,  the  output  being  measured  is  turned 
"ON"  by  toggling  the  oscillator  with  a  5  volt  50uS  pulse  occurs.  Output  low  requires 
the  output  to  be  in  the  "OFF"  state.  This  is  accomplished  by  toggling  the  oscillator 
or,  in  the  case  of  the  1526,  by  applying  ground  to  the  shut  down  pin.  Both  tests  are 
performed  with  a  20mA  and  a  100mA  load  on  the  outputs,  (1524  uses  a  50mA  load). 


VII-2  1 


Comparator: 


The  duty  cycle  adjust  range  ^qN^^OSC  comparator  section  is  determined 

by  placing  the  device  in  a  fully  functional  state.  The  timing  resistor  Rj  and 
capacitor  are  connected,  the  two  inputs  to  the  error  amplifier  are  set  equal  to 
the  same  value  within  the  common  mode  range,  and  is  set  to  the  supply  voltage. 
The  duty  cycle  range  is  obtained  by  setting  the  voltage  on  the  comparator  input  to 
0.5  volts  and  measuring  the  period  of  the  output  (tQ^^)  and  the  time  in  the  "ON" 
state  This  will  give  the  minimum  duty  cycle  (shown  in  Figure  7.5d)  equal  to 

^ON^^OSC*  device  is  working  properly,  the  transistor  should  not  be  ON,  and 

therefore,  tQj^  will  equal  zero.  The  maximum  duty  cycle  is  determined  by  setting 
the  comparator  input  to  3.6  volts.  The  output  will  be  in  the  "ON"  state  for  half  of 
the  cycle  which  results  in  a  duty  cycle  of  50%  (as  shown  in  Figure  7.5c)  . 

The  final  test  common  to  each  device  type  is  power  supply  current  The 

test  is  performed  by  applying  the  maximum  recommended  voltage  to  the  device  and 
recording  the  input  current. 

The  following  tests  are  unique  to  the  particular  device  types: 

Device  Type  01; 

The  current  limit  sense  voltage  is  determined  by  grounding  the  minus 

input  of  the  current  limit  amplifier  and  varying  the  input  on  the  plus  input  until  the 
compensation  pin  reads  2  volts.  This  is  the  trigger  point  of  the  current  limit 
amplifier  which  is  defined  as  Shutdown  voltage  tests  are  go/no-go  type 

testing,  where  the  actual  trigger  point  is  not  located.  The  limit  is  applied  and  the 
response  is  examined.  The  shutdown  voltage  high  is  measured  by  applying 

1.4  volts  to  the  SHUTDOWN  pin  and  examining  the  compensation  pin.  If  is 

less  than  or  equal  to  0.5  volts  then  passes  and  the  device  is  shutdown. 

^SD(LO)  Pleasured  by  applying  0.4  volts  to  the  SHUTDOWN  pin;  if  is 

greater  than  or  equal  to  3.6  volts,  then  passes. 
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Device  Types  02  and  04; 

Soft  start  current  (I^^)  is  determined  by  grounding  the  SOFT  START  and 
SHUTDOWN  pins  and  measuring  the  current  flow  in  the  soft  start.  Soft  start 
voltage  (Vgg)  is  determined  by  applying  2  volts  to  the  SHUTDOWN  pin  and 
measuring  the  Soft  Start  pin. 

Shutdown  current  is  measured  with  2.5  volts  connected  to  the  SHUTDOWN 
pin.  Shutdown  voltage  (V^q)  measurement  require  the  timing  component  to  be 
placed  in  the  circuit,  3.6  volts  on  the  compensation  pin,  and  20  volts  on  (pin  13). 
^SD(LO)  determined  by  applying  0.5  volts  to  the  shutdown  pin  and  examining  both 
outputs.  For  device  02,  if  either  output  is  greater  than  2.5  volts,  passes. 

(For  device  04  -  VSD  (LO)  less  than  2.5  volts).  is 

determined  by  applying  1.6  volts  to  the  SHUTDOWN  pin.  Device  02  passes  if  both 

outputs  are  less  than  2.5  volts.  (For  device  04  to  pass,  both  outputs  must  be  greater 
than  2.5  volts). 

Device  Type  03: 

Under-voltage  lockout  (Vj^)  is  measured  to  determine  if  the  device  turns  off 
when  the  voltage  on  the  reference  drops  to  low.  The  supply  voltage  (Vj^^)  and 
reference  pins  are  connected  together,  for  the  two  are  set  to  3.8 

volts  and  the  voltage  on  the  reset  is  measured.  A  value  less  than  0.4V  indicates  the 
device  is  turned  off.  For  Vjpg  and  terminals  are  set  to  4.8  volts 

and  the  reset  pin  again  measured.  A  value  greater  than  2.4V  indicates  the  device  is 
active. 

The  1526  possesses  three  digital  ports  called  SYNC,  RESET  and  SHUTDOWN. 
The  following  parameters  for  these  parts  are  evaluated:  input  current  high  and  low 
(IlH»  output  voltage  high  and  low  three  ports  are  tested 
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in  a  similar  manner.  The  current  limit  amplifier  inputs  are  grounded  for  all  twelve 


tests.  For  2.4  volts  are  applied  to  the  port  and  the  current  flow  into  the  device 
is  measured.  For  0.4  volts  are  applied  to  the  particular  port  and  the  current 
measured.  The  only  difference  exists  for  the  current  tests  on  the  SYNC  pin  which 
requires  the  timing  capacitor  pin  to  be  less  than  or  equal  to  0.5  volts.  Vqj_jp  is 
determined  by  forcing  a  -40uA  current  into  the  port  and  measuring  the  voltage.  For 


VoLpj  ^PP^y  3.6mA  to  the  port  and  measure  the  voltage.  For  the  SHUTDOWN  port, 
Vqlp  requires  the  positive  input  of  the  current  limit  comparator  to  be  placed  at 
120mV  and  the  negative  input  at  ground.  The  difference  on  the  comparator  will 
cause  the  shutdown  to  be  driven  low.  A  voltage  greater  than  3.6  volts  on  the  timing 
capacitor  pin  is  required  to  force  the  SYNC  low. 

The  capacitor  charging  current  is  the  amount  of  current  in  the  SOFT 

START  terminal  To  determine  the  C^^  pin  is  grounded  and  the  current 

flow  is  measured.  The  Error  clamp  voltage  test  is  performed  by  applying  0.4V 
to  the  RESET  pin  and  measuring  the  voltage  which  appears  of  the  C^^  pin. 

The  remaining  tests,  sense  voltage  and  Input  Bias  Current  pertain  to 
the  current  limit  comparator.  The  sense  voltage  is  the  amount  of  voltage  at  the 
positive  input  of  the  comparator  required  to  activate  the  output.  The  value  is 
obtained  by  grounding  the  negative  input  of  the  current  limit  comparator  and 
increasing  the  voltage  on  the  positive  input  until  the  voltage  at  the  SHUTDOWN  pin 
is  less  than  0.4V.  The  voltage  which  causes  the  SHUTDOWN  to  switch  is  V^.  The 
input  bias  current  is  measured  at  both  the  positive  (+^1^5)  and  negative  (-Ijgj) 
current  values  by  taking  the  current  reading  referenced  to  ground. 

The  burn-in  circuit  design  for  all  four  device  types  required  many  iterations  due 
to  their  high  power  consumption.  With  the  burn-in  temperature  specified  at  125°C, 
amd  the  maximum  recommended  power  supply  voltage,  the  devices  would  exceed 
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their  maximum  ailowabie  junction  temperature.  The  burn-in  circuit  for  device  type 
03  is  shown  in  Figure  7.6.  The  other  three  are  almost  identical  and,  therefore,  are 
not  pictured.  In  order  to  alleviate  the  problem  of  excessive  junction  temperature, 
the  recommended  supply  voltage  for  device  type  02,  03  and  04  were  lowered.  The 
supply  voltage  for  the  02  and  04  are  set  to  30  volts  for  class  B  and  27  volts  for  class 
S  devices;  the  03  are  set  to  20  volts  maximum  recommended.  The  operation  from  8 
volts  to  35  volts  is  allowed  if  care  is  taken  not  to  exceed  the  maximum  junction 
temperature  (this  might  require  the  uses  of  a  heat  sink  in  some  instances).  The 
higher  voltage  is  also  allowed  in  some  of  the  parameter  testing,  such  as  for  the  short 
period  of  time  when  measuring  total  supply  current. 

As  a  result  of  the  testing  and  discussions  with  manufacturers,  test  condition  and 
limits  were  determined.  The  tests  limits  are  shown  in  Table  7.4  for  all  four  device 
types. 

An  example  of  LTX  device  data  for  the  1524  is  shown  in  Table  7.5.  Due  to  the 
large  volume  of  similar  data,  only  a  sample  is  shown  here.  The  timing  tests  not 
shown  in  the  printout  were  performed  with  a  bench  top  test  circuit  and  all  of  the 
devices  were  within  their  specified  limits. 

7.5  CONCLUSIONS  AND  RECOMMENDATIONS 

The  test  data  obtained  from  the  various  manufacturer's  devices  indicates  that 
the  regulating  pulse  width  modulators  will  meet  all  of  the  specifications  set  forth  in 
MIL-M-38510/126A.  However,  the  following  two  issues  are  of  great  concern 
regarding  device  operation  in  a  circuit; 

a.  For  device  type  01,  care  must  be  taken  if  the  frequency  of  the  output  is 
critical  since  a  substitution  of  a  different  vendor's  device  could  cause  an 
unacceptable  frequency  shift. 
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Cbaractariccie 


Syabol 


CoadicioB 

VIII-20V  tT-2  Cobu  «/>0.1Z 

CT-O.Oluf  ♦/•O.IZ  Liaic* 

(Ual«««  ochantia*  apacifiad) 

•55  C  <-  Tc  <•  125  C  MIN  MAI 


Output  roltaga 

VREF 

4.8 

5.2 

V 

Liaa  ragulatioa 

VRLIME 

Sa  <-  VIM  <•  40« 

-20 

20 

aV 

Laad  ragulation 

VRLOAO 

-20aA  <-  IREP  <-  0 

-50 

50 

aV 

Rippla  rajactioa 

dWlM/ 

VIII-20V  ai>lVtaa  f-2400  Ms 

SO 

— 

dB 

Share  circuit 
curraac  liaic 

Oatpue  aoiaa  teieaia 


OSCILUTOSs 


^VE£f  rC-25  dat  C 


lot  U  C  <*  25aa 
VtEF-Oa-  • 


TC-125  dat  C 
TC-«55,2S  da|  C 


Te*2S  da«  C 
lOBa  <a  f  <-  lOKBx 


COMPASATOR 


Duty  eycla  adjuat 

raoga 


tOH 

cose  U 


Mia  valuat 


Has  vaiuat 


Vca-2.5 
Vcoap"  0.5V 
Vea-  2.5V 
Vcoap*  3. tv 


Oavica  Typa  01 

TABU  7>4  Electrical  Paraaatar  Liaits 
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Characteriatic 

Syabol 

Condition 

VIN-  20V  BT-2  KOhaa  v/'O.lZ 
CT*0.01uP  */>0.1Z 
(Unleaa  otberwiaa  apecified) 
-55  C  <-  Tc  <■  125  C 

Liaita 

MIN  MAX 

Unita 

OUTPUT  SECTION:  ^ 

Collector  leakage 
current 

ICZX 

VC  -  40V 

—  10 

uA 

Saturation  voltage 

T(SAT) 

VIN(Nl)-VIN(l)»lSOaV 

IC  -  SOaA, 

—  2 

V 

Eaitter  output 
voltage 

VEO 

VIN(MI)-V1M(I)  »lS0aV 

TC-  25  deg  C.  VC-20V, 

IE  -  -SOaA 

17 

V 

Biae  tiae 

T*(tr) 

VlH(HI)-VIN(I}>-lSOaV 

IC-  2  KOtwa,  VC-20V, 

TC-25  deg  C,  CL-lSpP 

—  0.4 

uS 

Pall  tiaa 

TB(tf) 

VlN(MI)-VlN(I)>-lSOaV 

IC-  2  kOtea.VC-20V, 

TC-25  deg  C,  CL-  15pF 

—  0.2 

uS 

SHUT  DOWN  CIICUIT: 


V8EN 

VIN(MI )-VlN( I )>-lS0aV 

190 

210 

aV 

VIOA-  2V,  TC-2S  deg  C 

TC-  125  or  -55  deg  C 

165 

235 

aV 

-  • 

aV 

Shutdown  jjj 

VSO 

VlN(NX)-VIN(Z}>-150aV 

1.4 

»aa 

V 

(high) 

vto 

VXM<NX)-VIN(Z}>-1S0bV 

0.4 

V 

(low) 

TOTAL  STAMDBT 

CUIIENT: 

UN 

VIN  -  40  V, 

aa« 

10 

aA 

\J  Coacinuout  tborc  circuit  tiaic*  will  b«  than  indicated  teat  liaita. 

H  tOSC  ia  the  period  of  the  output  wawefora. 

^  Each  output  tranaiator  ahall  be  teated  for  ail  paraaetcra  liated. 
it/  Thia  ia  a  go^nogo  teat,  the  liait  valuea  are  uaed  for  input  voltagea. 

Device  Type  01 

TABU  7'-A  Electrical  Paraaatar  Liaita 
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Ciur«cc«riacic 


Syabol 


CoatficioM 

YIN-  20V  dc.ftT-3.6K0baa-«'0.1Z 
U-0  Ohaa.CT-O.OluF^O.lS 
-53  C  <•  TC  <-  125  C 
(Dalaaa  Otbatwiaa  Spacifiad) 


Liaica 


Mia  Max 


mOB  ANPLIFIU  SECTION 


Input  Off tat  Voltage 
Input  Biaa  Current 
Input  Offaat  Current 
Open  Loop 
Voltage  Cain 
Coaaoo  Node 
Bajeetion  Batio 
Supply  Voltage 
Bejeetion  Batio 
Unity  Cain 
Bandwidth 
Output  Nigh  Level 
Output  Low  Level 


VIO 

-5 

5 

aV 

IIB 

.01 

10 

uA 

110 

-1 

1 

uA 

AVS 

VCN-  2.3  V 

60 

— 

dB 

CMNB 

VCM  -  1.5V  to  5.2V 

60 

— 

dB 

SVBl 

VIN  -  BV  to  55V 

60 

— 

dB 

CBU 

AV-  OdB,aee  fig.  B  TC-25  dog  C 

2 

.. 

HNt 

VHI 

3.8 

— 

V 

VLO 

0.5 

V 

Device  Type  02,04 

TABLB  7-4  Electrical  Faraaeter  Liaxta  (Cont.) 
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Coadieiona 

VIH-  20V  de  tT-3.6KOhaa«/-0.1Z 
U-0  Ohat  CT-0.01uF*/>0.lZ  Liaita 

-5J  C  <•  TC  <-  125  C 

Characcariacic  Syabol  (Oalaaa  Ocbaxwiaa  Spacifiad)  HIM  MAX  Unita 


r.U.M.  COMFAIATOB  SKCTIOMi 

Naxiaua  Duty  Cycla 

cOM(aaa) 

C08(i 

2J  VCOMP-  J.6V 

45 

50 

2 

Miniaua  Duty  Cycla 

tOSC(ain)  2/  VOOHP-  0.6?  .. 

mm 

0.001 

Z 

tOSC 

OUTPUT  SECTIOM:  jy 

Output  Low 

VOL 

I SI HE*  20aA 

mm 

0.4 

V 

VOL 

ISIMK-  lOOaA 

mm 

2 

V 

Output  High 

VOM 

ISOUBCE-  20aA 

16 

•  • 

V 

VOH 

1S0UECZ>  lOOaA 

17 

•  • 

V 

Uodar  Voltaia 

Lockout 

VOL 

6 

8 

V 

Sbutdows  Oalay 

CEO 

VtO-  3?  TC"  2S  dag  C,  .55  dag  C 

500 

aS 

TC*  125  dag  C 

** 

700 

nS 

Eiaa  Tiaa 

TE(tr) 

mm 

600 

nS 

Fall  Tiaa 

TB(tf) 

mm 

300 

nS 

VC  Standby  Currant' 

1C 

VC"  35V 

•  • 

200 

uA 

SOFT  STaBT  SECTIOM: 

Soft  Start  Currant 

ISS 

vso-  ov  _ 

.60 

-25 

uA 

Sbutdowa  Input  Currant 

ISO 

V80*  2.5V 

mm 

1 

aA 

Soft  Start  Voltaga 

VSS 

VSO*  2V 

mm 

0.6 

V 

Shutdown  Voltaga 

VSO(UI) 

mm 

0.5 

V 

VSOiU) 

1.6 

•• 

V 

Total  Supply  Currant 

IIM 

VIM"  3SV  TC""5S,  25  dag  C 

dPdP 

20 

m 

* 

TC-  125  dag  C 

•  • 

IS 

aA 

Moca: 

^  Continuoua  Short  Circuit  Liaita  will  ha  laaa  thaa  iodicatad  taat  liaita. 

2J  tOSC  ia  tha  pariod  of  tha  output  wawafora. 

^  Each  output  tranaiator  ahall  ba  taatad  for  all  paraaatara  liatad.  VC*  20V  ualaaa 
otharwiaa  apacifiad. 


Davica  Typa  02,04 
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Coii4itioat 

VIM-  ISV  dc,ST-4.12K0h**^0.1I 
U>-0  Ohat  CT-O.OluF  ♦O.IZ 
-55  C  <-  TC  <-  125  C 


Liaita 


CMaraccariatic 

Symbol 

(Unleaa  otberwiae  apecilied) 

MIM 

HU 

Unite 

UPEMMCZ  UCTIOMt 

' 

leference  Output 

Voltefc 

VBEP 

4.90 

5.10 

V 

Line  Beiulatioii 

VBLIMB 

VIM-  8V  CO  3SV 

-20 

20 

aV 

Load  Beguletion 

VBLOAO 

ILOAC-  0mA  to  20mA 

-30 

30 

mV 

Siiort  Circuit  Current 

lOS  2/ 

VBEF-  OV  t<-  25bS 

-125 

•  • 

oA 

Output  Meiae  Voltage 

NO 

10Ha<-f<-l0  EHa, 

Tc-2S  deg  C 

•• 

200 

uVRMS 

Eipple  Eajectioa 

■^IM 

VIM-  ISVvlVHMS.TC-IS  deg  C 

50 

— 

dB 

bvbef 

Sinewave  #2.4KHt 

OSCILUTOB  SECTION:  ^ 

Initial  Frequency 

fOSC 

TC-  25  deg  C 

38 

42 

KHx 

Voltage  Stability 

Afosc 

8V<-  VIN<-3SV 

-1 

1 

Z 

Oacilletor 

Frequency 

fOSCl 

TC-  125  deg  C,  -55  C 

36 

44 

KHc 

Niniaua  Frequency 

fOSC 

BT-  150  EOhaa  -O.IZ 

(HIM) 

CT-  0.20uF  vl.OS.BD-O  Obaa 

— 

100 

Us 

Naniaua  Frequency 

fOSC 

BT-  2  EOhaa  -O.IZ 

(HU) 

CT-  l.OnP  vl.OZ,BD-0  Ohaa 

350 

— 

EHs 

Clock  Width 

tp- 

TC-  25  deg  C.  -55  C 

•  am 

2 

uS 

TC-  125  deg  C 

— 

3 

uS 

Sawtooth  Peak  Voltaga 
Sawtooth  Valley 

VBP 

VIN-  35V 

2.5 

3.5 

V 

Voltage 

VBV 

VIM-  8V 

0.45 

— 

V 

1  EBBOB  SECTION: 

Input  Offaet  Voltage 

VIO 

woe  1.5V 

•5 

5 

mV 

Input  Siaa  Current 

IIB 

VCN-  2.5T 

•1 

uA 

Input  Offaet  Current 

no 

VCM-  2,5V 

-0.5 

0.5 

uA 

Open  loop  Voltage  Cain 
CooHon  Mode 

BVS 

* 

60 

•• 

dB 

Bajection  Batio 

CMOl 

VCM-  0  to  S.2T 

70 

mm 

dB 

Supply  Voltage 
■ejection  Batio 

SVBB 

VIM-  8V  to  35V,VCM-2.5V 

66 

mm 

dB 

Unity  Gain 

Bandwidth 

CBH 

See  Pig. 8,  T025  degC,AV-OdB 

3 

MHs 

Output  Nigh  Level 

VNI 

Vpinl-  Vpin2>-150aV, 

ICOMP-  -lOOuA 

3.6 

V 

Output  Low  Level 

VLO 

Vpinl-  Vpin2>-l50aV, 

ICOMP-  lOOuA 

•  • 

0.4 

V 

P.W.M.  COMPAtATOB 


Masiaua  Ducy  Cycle 
Mini«ia  Duty  Cycle 


tONlHAX) 

ease — 

CON (HIM) 

cose 


JJ  VCOMP-  3.6V 
1/  VCOHP-  0.4V 


45  50 


~  0.001 


Device  Type  03 
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Cbaractariatic 

Syabol 

Condi tiona 

VIN-  ISV  dc  ST-4.12E0haa'»/-0. 
tO^  Obaa  CT*0.01uP«/-0.1S 
-55  C  <-  TC  <-  125  C 
(Unloaa  otborwiao  apocifiod) 

12 

Liwita 

HIM  MAX 

Unite 

OUTPUT  OEIVEIS:  XI 

taturatioa  Voltace 

VCB 

VC-  ISV,  ISINE-  20bA 

—  0.3 

V 

ISINK-  lOOaA 

—  2.0 

V 

Output  Bigb 

VOH 

TC-  ISV,  ISOUECE-  20aA 

12.5  — 

V 

ISOURCE-  lOOaA 

12.0  — 

V 

Shutdown  Oolay 

tso 

VC-15V  TC-  -55  C,  25  C 

—  0.5 

uS 

TC-  125  dag  C 

—  0.7 

uS 

Eiao  Tiao 

tS 

VC-  15V 

••  0o3 

uS 

Pall  Tiao 

tP 

VC-  15V 

—  0.2 

uS 

VC  Standby  Currant 

IC 

VC-  35V 

—  ISO 

uA 

OICITAI  POSTS:  SYNC 

RESET  SHUTDOWN  4/ 

Bigb  Input  Current 

IIH 

VIE-  2.4V 

-200  — 

uA 

Low  Input  Current 

IIL 

VIL-  0.4w 

-360  — 

uA 

■igh  Output  Voltaga 

VOH? 

ISOURCE-  40uA 

2.4  — 

V 

Low  Output  Voltage 

VOLP 

ISINE-  3.6aA 

—  0.4 

V 

CURtEVT  LIMIT  COMPABATOt: 


Senac  Voltage 

VS 

80  120 

aV 

Input  Biaa  Current 

IIBS 

-10  — 

uA 

80PT  START  SECTION: 

Error  Claap  Voltage 
Capacitor  Charging 

TEC 

—  0.4 

•ISO  -SO 

V 

Currant 

ICS 

uA 

moa  voLTACE  LoaooT: 


Roaet  OutputCLow) 
Voltage 

Reaot  Output(Higb) 
Voltage 

VR 

(LOW) 

VR 

(HIGH) 

VREP-  3.«V 

VEEP-  4.8V 

—  0.4 

2.4  — 

V 

V 

POWER  CONSUMPTION: 

Standby  Current 

IIM 

SHUTDOWN-  0.4V  VIM-  35V 

TC-  -55,  25  dog  C 

—  30 

nA 

TC-  125  dog  C 

—  25 

aA 

Noc«*i 

^  tOSC  ia  cba  period  of  Cho  output  waveforw  in  tbia  caae. 

2J  Cootinuoua  Short  Circuit  liaita  will  bo  loaa  tban  indicated  taat  linita. 

2/  Boeb  output  tranaiator  aboil  bo  toatod  for  oil  poroaotara  liatod  VC>  ISV  unloaa 
otborwiao  apocifiod. 

jU  Only  uao  tho  abutdovn  pin  to  dooctiwoto  the  dovico  do  not  uao  tho  Sync  pin. 

Xt  A  2.7  KOhaa  pull-up  raaiator  ia  added  to  the  Sync  pin  to  liait  atray  capacitance 
in  autoaatic  teat  e^uipaent. 

Oowice  Typo  03 

TABLE  7-4  Eloctrical  Paraacter  Liaita  (Cont.) 


TeaT  1 uw 


lUu.w 
TciT  1 

ea-kO 

Salt 

TEaT  TcMAeRATURc 

1  (U 

4*03 

."•A 

ICC  kT  40V 

TaST  i 

2.C, 

S.01 

V 

VREF  AT  V1N323V 

TiaT  3 

3*u 

7.40 

MV 

Rea  3-;CV 

TsiT  <. 

■••i. 

-32.J2 

MV 

kCAO  ROG  C-30MA  VIM>20V 

TtaT  s 

J.Q 

_ -3^.54 

tSC-  Rtf 

TciT  0 

4.1. 

O.Cf 

OA 

CCLUtCTOR  4£A<AG£  AT  40V-  XSISTOh  'A* 

TtaT  7 

7.C 

C  .  06 

Ok 

COtLeCTOit  LEAKAai  AT  40V-  ASISTOk  'ti* 

T£:T  a 

•  e.c 

1.39 

V 

VinT  AT  5CMA-  XSISTOR  'A' 

TtiT  10 

1  J  .  C 

1  (-.50 

V 

e-lTTcK  nl  XSISTCR  M* 

TtaT  » 

>  .g 

1 .3y 

V 

VSaT  at  iOMA-  XalSTOR  'B* 

t:.t  11 

11. c 

17.76 

V 

CMITTEa  nl  XSISTOA  'a* 

TtaT  U 

12.0 

0.61 

MV 

VIC 

Tear  1i 

1J.J 

1.75 

Ok 

ItlAa  (tA> 

TeaT  U 

M.C 

0.37 

UA 

no  Uk) 

Tear  1j 

1  f .  C 

4,23 

V 

♦auts:  (eA> 

TtST  1o 

• 

1  0  .  C 

«.0« 

V 

-SWING  (EA) 

TeaT  17 

17. w 

»9.7 

'J* 

COMM  :  tJ  (REf) 

TeaT  la 

1  a.C 

•102, V 

Ua 

CCmM  (AEf) 

TeiT  1/ 

1  y  .  C 

-3.17 

UA 

•  OELTk  CCrtP  (A£f> 

TeaT  eO 

7  0 .  w 

75,9 

OB 

AVOU 

TeaT  .1 

21. V, 

43.!: 

OB 

Cl"  AS 

TeaT  .3 

12. C 

0.77 

V 

anwTOCsN  TriSeaH 

TeaT  ia 

23. a 

194.9 

MV 

CuRAtNT  LIMIT  THRiSn 

TeaT  ea 

2^.C 

-1.22 

MA 

OSC  ;  MISSCR  (Ref) 

T£aT  i3 

23  .  C 

1.13 

V 

OiC  SAT  Q  iO!*A  (Aef) 

TeaT  eo 

2o.c 

4.77 

V 

OsC  CHcCX 

14.1 

2.43 

V 

C:C  CnttK 

Zs.Z 

Te'ST  4? 

2.76 

V 

OiC  C.teCX 

27. V 

3T6.5 

46.6 

An: 

Kni 

OSC  CjTPuT  FStG 

OSC  OUTPUT  fAEG 

‘Table  7-5  1524  Data  Listing 
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b.  When  operating  devices  types  02,  03  and  04  at  high  voltages,  care  must  be 


taken  not  to  exceed  the  maximum  junction  temperature. 


7.6  BIBLIOGRAPHY 

a.  Silicon  General  Product  Catalog  (1986) 

b.  Applications  Handbook,  Unitrode  (1985-86) 
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8.1  INTRODUCTION  AND  DEVICE  DESCRIPTION 

This  section  of  the  report  discusses  the  characterization  effort  for  the  TLij31 
three  terminal  programmable  shunt  regulator  diode.  The  TL431  monolithic  voltage 
reference  operates  as  a  low  temperature  coefficient  zener  which  can  be  pro¬ 
grammed  from  the  range  of  Vref  (2.5V)  to  36  volts  by  two  external  resistors. 
Furthermore,  the  TL431  has  a  wide  operating  current  range  from  1.0mA  to  100mA, 
and  a  dynamic  impedance  specification  of  0.22  ohms.  Characteristics  of  the 
reference  allows  it  to  replace  zenor  diodes  used  in  various  applications  such  as 
power  supplies  or  op-amp  designs.  The  2.5  volt  reference  makes  it  possible  to 
obtain  a  stable  reference  from  a  single  5.0V  supply  and  since  the  reference 
operates  as  a  shunt  regulator,  it  can  be  used  as  either  a  positive  or  negative 
voltage  reference  (see  Figure  1).  The  TL431  shunt  regulator  reference  is  a  multi- 
sourced  device  with  increasing  DOD  system  usage.  Electrical  characterization  test 
circuits,  test  conditions,  and  limits  are  specified  in  MIL-M-385 10/148. 

TABLE  I  TABLE  OF  DEVICE  TYPE  SPECIFIED 
Device  Generic  Manufacturer  Description 

01  TL431MJG  Motorola  Programmable  Precision  Reference 

8.2  TEST  DEVELOPMENT 

A  list  of  the  parameters  used  to  electrically  characterize  the  TL431  shunt 
regulator  voltage  reference  is  listed  in  Table  2. 
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TABLE  2  CHARACTERIZATION  PARAMETERS 


Item 

Symbol 

Parameter 

1 

''rel 

Reference  Input  Voltage 

2 

VKAIO 

Cathode  Voltage  (lOV) 

3 

VKA36 

Cathode  Voltage  (36V) 

4 

dVR/dVK 

Ratio  of  Change  in  VREF  to  change  in  VKA 

5 

IREF 

Reference  Input  Current 

6 

I  MIN 

Min  Cathode  Current  for  Reg 

7 

lOFF 

Off-State  Cathode  Current 

8 

dVR/dT 

Reference  Voltage  Temperature  Drift 

9 

2KA 

Input  Impedance 

10 

No 

Noise  (0.1  Hz  to  10 Hz) 

Test  Circuits: 

Ail  dc  parametric  data  was  taken  off  the  LTX77  Analog  Microcircuit  Test 
System,  with  the  noise  measurement  being  made  with  a  bench-top  test  fixture. 
The  static  test  circuits  are  shown  in  Figure  2  and  the  noise  test  circuit  is  shown  in 
Figure  3. 

8.3  TEST  RESULTS  AND  DISCUSSION 

Data  obtained  from  the  characterization  effort  revealed  that  the  part 
performed  very  well  within  the  manufacturers  specified  limits,  over  ail  three 
temperature  ranges  of  -55°C,  25°C,  125°C. 


vni-3 


Figure  2b 


Vka 


Figure  2c 


Figure  2  TL431  Static  Test  Circuit 
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Reference  Input  Voltage  (Vref) 

The  reference  input  voltage  parameter  was  measured  by  supplying  a  known 
current  into  cathode  of  the  reference  (Ij^  =  10  mA)  and  measuring  the  resultant 
voltage  at  that  terminal.  Data  obtained  showed  that  this  parameter  met  the 
specified  limit,  with  the  mean  being  around  2.47V  and  the  lowest  measurement 
reading  2.466V.  See  Figure  2a. 

Cathode  Voltage  (lOV),  VKAIO 

This  parameter  was  measured  by  using  the  circuit  shown  in  Figure  2b  with  R1 
=  lOK  ohm  and  R2  =  3.33K  ohm  and  measuring  the  reference  terminal  pin  8. 
Measurements  taken  revealed  that  the  mean  value  recorded  was  approximately 
9.85V,  with  a  minimum  reading  of  9.81V  and  a  maximum  reading  of  9.90V. 

Cathode  Voltage  (36V),  VKA36 

The  36V  cathode  voltage  parameter  was  measured  using  the  same  technique 
as  for  the  VKAIO  parameter,  except  the  specified  R2  value  equals  746  ohms  in 
Figure  2b.  All  parts  passed  the  specified  limit  with  minimum  reading  equal  to 
35.06V  and  the  maximum  measurement  equal  to  35.39V. 

Ratio  of  Change  in  Vref  to  Change  in  VKA,  (dVR/dVK) 

This  measurement  was  taken  at  T^  =  25°C,  using  the  test  circuit  shown  in 
Figure  2b  with  R2  equal  to  3.33K  ohms  and  R2  =  746  ohms.  Results  obtained  show 
the  amount  of  variance  in  the  reference  voltage  with  respect  to  changes  in  the 
programmed  cathode  voltage.  All  20  pieces  tested  passed  this  parameter,  with  the 
greatest  variance  noted  at  the  programmed  VKA  voltage  of  lOV. 


Reference  Input  Current  (IREF) 

Using  the  circuit  shown  in  Figure  2b,  the  reference  input  current  was 
measured  with  R1  =00,  and  the  amount  of  current  inputted  into  the  zener 
reference  was  measured  with  Rl  =  lOK  ohms.  This  data  was  taken  over  all  three 
temperature  ranges  and  all  values  were  well  within  the  specified  limit  of  4.0uA  at 
ambient  and  7.0uA  over  temperature. 

Minimum  Cathode  Current  for  Regulation  (IMIN) 

Testing  of  this  parameter  is  a  GO/NO  GO  test  in  which  a  minimum  current 
(IK  =  1mA)  is  supplied  into  the  cathode  of  the  zener.  The  voltage  is  then  measured 
to  verify  that  the  part  is  in  regulation.  All  parts  passed  this  parameter  over  all 
three  temperatues.  See  Figure  2a. 

Off-State  Cathode  Current  (lOFF) 

This  measurement  is  taken  using  the  circuit  shown  in  Figure  2c  and  verifies 
the  amount  of  leakage  current  associated  with  the  reverse  bias  zener  diode.  All 
the  references  tested  passed  this  parameter,  over  all  three  temperatures,  with  the 
worst  case  measurements  occuring  at  7^  =  125°C. 

Input  Impedance  (ZKA) 

Using  the  test  circuit  shown  in  Figure  2a,  the  input  impedance  is  measured  by 
supplying  two  known  currents  IK  =  1mA  and  IK  =  100mA,  measuring  change  in 
resultant  reference  voltage,  and  then  dividing  this  difference  by  the  difference  in 
supplied  cathode  current.  Data  obtained  shows  that  the  worst  case  measurement 
occurred  at  T^  =  125°C  and  was  still  three  orders  of  magnitude  less  than  the 
specified  limit  of  0.5  ohms.  All  devices  passed  this  test. 
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est  fin*  •  10  seconds. 
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set  to  0.1  HZ. 


amplifier  7ft22  and  lowen  frequency 


Figure  3  TL431  Low  Frequency  Noise  Test  Circuit 
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Low  Frequency  Noise  (0.1  Hz  to  10  Hz),  (No) 

This  test  was  done  on  the  bench  with  the  circuit  shown  in  Figure  3.  Output  of 
the  device  under  test  (DUT)  was  inputted  to  a  low  pass  filter  and  then  amplified  by 
100  via  the  operational  amplifier  (OP07)  gain  circuit.  The  data  obtained  shows 
that  the  nominal  value  for  1/F  noise  is  lOuV  p-p  with  a  deviation  of  +5uVp-p.  All 
parts  passed  the  limit  of  20uVp-p. 

SA  CONCLUSIONS  AND  RECOMMENDATIONS 

The  data  obtained  from  the  analyses  showed  that  the  shunt  regulator 
reference  voltage  device  met  the  specifications  supplied  by  the  vendor.  It  is 
recommended  that  DOD  system  designers  utilize  these  devices  if  screened  per 
MIL-M-38510/148. 

8.5  BIBLIOGRAPHY 

Motorola  Semiconductor  Data  Book 

8.6  APPENDIX 

The  appendix  contains;  Table  I  of  MIL-M-38510/148,  sample  test  data,  and 
waveforms  which  are  too  lengthly  for  insertion  within  the  text  of  this  report. 
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SN  lA  Low  Frequency  Noise  Output  Waveform 
(Horizontal  Deflection  =>  5uV/div) 

(Vertical  Deflection  =>  IS/div) 


SN  17  Low  Frequency  Noise  Output  Waveform 
(Horizontal  Deflection  ■  5uV/div) 

(Vertical  Deflection  ■  IS/div) 
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Isee  figure  3  I  *125  C 

1  ~i 

1  2.421  2.57 

1  1 

1 

1  V 

1 

T 

1 

1 

1 

1 

1 

1 

1 

1 

1  T 

1  ITa  -  *25*0 

1  1 

1  I 

1  2.441  2.55 

1  1 

1 

1 

1 

1 

ICathode  voltage 

1 

1 

IVkaio 

1 

1 

HkAIO  -  ^KA 

IR2  a  3.33  kQ.  see  figure  4 

^  1 

1  8.00112.00 

1  1 

1  1 

1 

1  V 

1 

1 

T 

1 

1 

1 

1 

ICathode  voltage 

1 

1 

1 

j''KA36 

1 

1 

HkA36  -  '^KA 

IR2  ■  746q,  see  figure  4 

~1  1 

131.00136.00 

1  1 

1  1 

1 

1  V 

1 

1 

T 

1 

1 

1 

T 

iRatIo  of  change  In 

1  to  change 

1  In  Vka 

1 

1 

1  Wn 

1 

IJrEF  -  Vr2  -  Vbi 

Hka  ",''KA10  -  »R1 

IR2  ■  3.33  kQ.  see  figure  4 

~1  1 

1  1-2.70 

1  1 

1  1 

1  1 

"I - 

ImV/V 

1 

1 

1 

1 

1 

1 

1 

1 

1 

IRatIo  of  change  In 

1  Vocp  to  change 
j  <n  Vka 

1 

1  Vd 

1 

n  - - 

Href  »  Vr3  .  Vd^ 

Hka  “_y!(A36  -  ''Rl 

IR2  «  7460,  see  figure  4 

1  1 

1  1-2.00 

1  1 

1  1 

1  1 

1 

ImV/V 

1 

1 

1 

7 

1 

1 

1 

1 

1 

IReference  Input 

I  current 

|Jref 

1 - 1 - : — 

Hr  •  *REF  Ha  •  *25  C 

Isee  figure  4  I 

“T  1 

1-0.1  1  4.00 

1  1 

1 - 

1  mA 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i  ITa  »  -55*C, 

1  1  ♦lES'C 

1  1 

1 

1-0.1  1  7.00 

1  1 

1  1 

1 

1  mA 

1 

1 

T 

1 

1 

1 

1 

iMInlmum  cathode 

1  current  for 

1  regulation 

1 

Umin 

1 

Hka  -  VrEF*  h  •  ^ 

1 R2  ■  *•»  see  figure  3 

“I - 1 - 

1  2.401  2.60 

1  1 

1  1 

"1 - 

1  V 

1 

1 

T 

1 

1 

1 

lOff-state  cathode 

1 

1 

1 

Hoff 

1 

HkA  •  36  V.  Vrep  a  0  V 

Isee  figure  S 

1 

_l - 1 - 

1-0.1  1  1.00 

1  1 

1  1 

1 - 

1  mA 

1 

1 

T 

1 

1 

1 

1 

linput  Impedance 

1 

1 

1 

IZka 

I 

“I 

HkA  ■  ’^REF.  *  HO  mA  to 

1100  mA,  see  figure  3 
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1 
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1 

1 

1 

1 
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1 

1 

1 

1 Ir  a  10  mA 

iB^f  a  0.1  Hz  to  10  Hz 

Isee  figure  6,  Tr  a  *25*0 

“1  1 

1  120.00 

1  1 

1  1 

1  1 

1  1 

liiVp-pl 

1  1 

1  1 

1  1 

Table  3  Electrical  Parameter  Limits 


VIII-10 


DEVICE  1 


TEST 

1 

2.4678 

V 

VREFl  AT  25  DEG  C 

TEST 

2 

9.8170 

V 

CATHODE  VOLTAGE  R2=3.33K  OHMS 

TEST 

3 

35.099 

V 

CATHODE  VOLTAGE  R2=746  OHMS 

TEST 

4 

-n.6788 

MV 

CHG  VREF/CHG  VKA  R2=3.33K  OHMS 

TEST 

5 

-0.3864 

MV 

CHG  VREF/CHG  VKA  R2=746  OHMS 

TEST 

6 

1  .7589 

UA 

REF  INPUT  CURRENT  AT  25  DEG  C 

TEST 

7 

2.4662 

V 

IMIN  AT  25  DEG  C 

TEST 

8 

0.01^9 

UA 

I  OFF  AT  25  DEG  C 

TEST 

17 

0.0003 

OHMS 

DYNAMIC  IMPEDANCE 

TEST 

9 

3.8042 

MV 

CHANGE  IN  VREF  FROM  -55  TO  25  DEG 

TEST 

10 

2.0022 

UA  • 

REF  INPUT  CURRENT  AT  -55  DEG  C 

TEST 

11 

2.4610 

V 

IMIN  AT  -55  DEG  C 

TEST 

12 

0.0370 

UA 

lOFF  AT  -55  DEG  C 

TEST 

18 

0.0004 

OHMS 

DYNAMIC  IMPEDANCE  AT  -55  DEG  C 

TEST 

13 

9.3060 

MV 

CHANGE  IN  VREF  FROM  25  TO  125  DEG 

TEST 

14 

1.3330 

UA 

REF  INPUT  CURRENT  AT  125  DEG  C 

TEST 

15 

2.4347 

V 

IMIN  AT  125  DEG  C 

TEST 

16 

0.1721 

UA 

lOFF  AT  125  DEG  C 

TEST 

19 

0.0006 

OHMS 

DYNAMIC  IMPEDANCE  AT  125  DEG  C 

Table  4  Sample  Test  Data 


VIII-11 


DEVICE  2 


TEST 

1 

2.4823 

V 

VREF  AT  25  DEG  C 

TEST 

2 

9.8756 

V 

CATHODE  VOLTAGE  R2=3.33K  OHMS 

TEST 

3 

35.299 

V 

CATHODE  VOLTAGE  R2=746  OHMS 

TEST 

4 

-0.7552 

MV 

CHG  VREF/CHG  VKA  R2=3.33K  OHMS 

TEST 

5 

-0.3662 

MV 

CHG  VREF/CHG  VKA  R2=746  OHMS 

TEST 

6 

1.7590 

UA 

REF  INPUT  CURRENT  AT  25  DEG  C 

TEST 

7 

2.4796 

V 

IMIN  AT  25  DEG  C 

TEST 

8 

0.0158 

UA 

I OFF  AT  25  DEG  C 

TEST 

17 

0.0004 

OHf’S 

DYNAMIC  IMPEDANCE 

TEST 

9 

0.7830 

MV 

CHANGE  IN  VREF  FROM  -55  TO  25  DEG  C 

TEST 

10 

2.0936 

UA 

REF  INPUT  CURRENT  AT  -55  DEG  C 

TEST 

11 

2.7491 

V 

IMIN  AT  -55  DEG  C 

TEST 

12 

0.1122 

UA 

lOFF  AT  -55  DEG  C 

TEST 

18 

0.0003 

OHMS 

DYNAMIC  IMPEDANCE  AT  -55  DEG  C 

TEST 

13 

17.2195 

MV 

CHANGE  IN  VREF  FROM  25  TO  125  DEG  C 

TEST 

14 

1.2721 

UA 

« 

REF  INPUT  CURRENT  AT  125  DEG  C 

TEST 

15 

2.4390 

V 

IMIN  AT  125  DEG  C 

TEST 

16 

0.1674 

UA 

lOFF  AT  125  DEG  C 

TEST 

19 

0.0006 

OHMS 

DYNAMIC  IMPEDANCE  AT  125  DEG  C 

DEVICE  3 


TEST 

1 

2.4780 

V 

VREFl  AT  25  DEG  C 

TEST 

2 

9.8574 

V 

CATHODE  VOLTAGE  R2=3.33K  OHMS 

TEST 

3 

35.232 

V 

CATHODE  VOLTAGE  R2=746  OHMS 

TEST 

4 

-0.8119 

fW 

CHG  VREF/CHG  VKA  R2=3.33K  OHMS 

TEST 

5 

-0.3139 

MV 

CHG  VREF/CHG  VKA  R2=746  OHMS 

TEST 

6 

1.6981 

UA 

REF  INPUT  CURRENT  AT  25  DEG  C 

TEST 

7 

2.4751 

V 

IMIN  AT  25  DEG  C 

TEST 

8 

0.0121 

UA 

lOFF  AT  25  DEG  C 

TEST 

17 

0.0003 

OHMS 

DYNAMIC  IMPEDANCE 

TEST 

9 

6.8483 

MV 

CHANGE  IN  VREF  FROM  -55  TO  25  DEG 

TEST 

10 

2.1240 

UA 

REF  INPUT  CURRENT  AT  -55  DEG  C 

TEST 

11 

2.4690 

V 

IMIN  AT  -55  DEG  C 

TEST 

12 

0.1278 

UA 

lOFF  AT  -55  DEG  C 

TEST 

18 

0.0003 

OHMS 

DYNAMIC  IMPEDANCE  AT  -55  DEG  C 

TEST 

13 

13.5450 

MV 

CHANGE  IN  VREF  FROM  25  TO  125  DEG 

TEST 

14 

1.2113 

UA 

REF  INPUT  CURRENT  AT  125  DEG  C 

TEST 

15 

2.4415 

V 

IMIN  AT  125  DEG  C 

TEST 

16 

0.1987 

UA 

lOFF  AT  125  DEG  C 

TEST 

19 

0.0006 

OHMS 

DYNAMIC  IMPEDANCE  AT  125  DEG  C 

DEVICE  4 


TEST 

1 

2.4742 

V 

VREFl  AT  25  DEG  C 

TEST 

2 

9.8445 

V 

CATHODE  VOLTAGE  R2=3.33K  OHMS 

TEST 

3 

35.186 

V 

CATHODE  VOLTAGE  R2=746  OHMS 

TEST 

4 

'0.7200 

MV 

CHG  VREF/CHG  VKA  R2=3.33K  OHMS 

TEST 

5 

-0.3851 

MV 

CHG  VREF/CHG  VKA  R2=746  OHMS 

TEST 

6 

1.6373 

UA 

REF  INPUT  CURRENT  AT  25  DEG  C 

TEST 

7 

2.4718 

V 

IMIN  AT  25  DEG  C 

TEST 

8 

0.0169 

UA 

lOFF  AT  25  DEG  C 

TEST 

17 

0.0004 

OHMS 

DYNAMIC  IMPEDANCE 

TEST 

9 

4.8704 

MV 

CHANGE  IN  VREF  FROM  -55  TO  25  D1 

TEST 

10 

1.9110 

UA 

REF  INPUT  CURRENT  AT  -55  DEG  C 

TEST 

11 

2.4665 

V 

IMIN  AT  -55  DEG  C 

TEST 

12 

0.1559 

UA 

lOFF  AT  -55  DEG  C 

TEST 

18 

0.0004 

OHMS 

DYNAMIC  IMPEDANCE  AT  -55  DEG  C 

TEST 

13 

11.2619 

MV 

CHANGE  IN  VREF  FROM  25  TO  125  DE 

TEST 

14 

1.4546 

UA 

REF  INPUT  CURRENT  AT  125  DEG  C 

TEST 

15 

2.4415 

V 

IMIN  AT  125  DEG  C 

TEST 

16 

0.2077 

UA 

I OFF  AT  125  DEG  C 

TEST 

19 

0.0006 

OHMS 

DYNAMIC  IMPEDANCE  AT  125  DEG  C 

VHl-14 


DEVICE  5 


TEST  1 

2.4726  V 

TEST  2 

9.8360  V 

TEST  3 

35.164  V 

TEST  4 

-0.6692  MV 

TEST  5 

-0.3942  MV 

TEST  6 

1.7284  UA 

TEST  7 

2.4697  V 

TEST  8 

0.0155  UA 

TEST  17 

0.0004  OHMS 

TEST  9 

5.9347  MV 

TEST  10 

2.2152  UA 

TEST  11 

2.4639  V 

TEST  12 

0.0964  UA 

TEST  18 

0.0003  OHMS 

TEST  13 

11.5881  MV 

TEST  14 

1.3330  UA 

TEST  15 

2.4339  V 

TEST  16 

0.2055  UA 

VREFl  AT  25  DEG  C 
CATHODE  VOLTAGE  R2=3.33K  OHMS 
CATHODE  VOLTAGE  R2=746  OHMS 
CHG  VREF/CHG  VKA  R2=3.33K  OHMS 
CHG  VREF/CHG  VKA  R2=746  OHMS 
REF  INPUT  CURRENT  AT  25  DEG  C 
IMIN  AT  25  DEG  C 
lOFF  AT  25  DEG  C 
DYNAMIC  IMPEDANCE 

CHANGE  IN  VREF  FROM  -55  TO  25  DEG  C 
REF  INPUT  CURRENT  AT  -55  DEG  C 
IMIN  AT  -55  PEG  C 
lOFF  AT  -55  DEG  C 
DYNAMIC  IMPEDANCE  AT  -55  DEG  C 
CHANGE  IN  VREF  FROM  25  TO  125  DEG  C 
REF  INPUT  CURRENT  AT  125  DEG  C 
IMIN  AT  125  DEG  C 


TEST  19 


0.0006  OHMS 


lOFF  AT  125  DEG  C 

DYNAMIC  IMPEDANCE  AT  125  DEG  C 


DEVICE  6 


TEST  1  2.4762  V  VREFl  AT  25  DEG  C 

TEST  2  9.8526  V  CATHODE  VOLTAGE  R2=3.33K  OHMS 

TEST  3  35.225  V  CATHODE  VOLTAGE  R2=746  OHMS 

TEST  4  -0.7640  MV  CHG  VREF/CHG  VKA  R2=3.33K  OHMS 

TEST  5  -0.3057  MV  CHG  VREF/CHG  VKA  R2=746  OHMS 

TEST  6  1.6373  UA  REF  INPUT  CURRENT  AT  25  DEG  C 

TEST  7  2.4742  V  IMIN  AT  25  DEG  C 

TEST  8  0.0143  UA  lOFF  AT  25  DEG  C 

TEST  17  0.0003  OHMS  DYNAMIC  IMPEDANCE 

TEST  9  6.3915  MV  CHANGE  IN  VREF  FROM  -55  TO  25  DEG  C 

TEST  10  2.0328  UA  REF  INPUT  CURRENT  AT  -55  DEG  C 

TEST  11  2.4671  V  IMIN  AT  -55  DEG  C 

TEST  12  0.0686  UA  lOFF  AT  -55  DEG  C 

TEST  18  0.0004  OHMS  DYNAMIC  IMPEDANCE  AT  -55  DEG  C 

TEST  13  8.3704  MV  CHANGE  IN  VREF  FROM  25  TO  125  DEG  C 

TEST  14  1.3330  UA  REF  INPUT  CURRENT  AT  125  DEG  C 

TEST  15  2.4237  V  IMIN  AT  125  DEG  C 

TEST  16  0.2198  UA  lOFF  AT  125  DEG  C 

TEST  19  0.0008  OHMS  DYNAMIC  IMPEDANCE  AT  125  DEG  C 


VIII-16 


DEVICE  7 


TEST 

1 

2.4748 

V 

TEST 

2 

9.8463 

V 

TEST 

3 

35.201 

V 

TEST 

4 

-0.7267 

MV 

TEST 

5 

-0.3229 

MV 

TEST 

6 

1.7590 

UA 

TEST 

7 

2.4729 

V 

TEST 

a 

0.0184 

UA 

TEST 

17 

0.0003 

OHMS 

TEST 

9 

7.1526 

MV 

TEST 

10 

2.1239 

UA 

TEST 

11 

2.4652 

V 

TEST 

12 

0.1374 

UA 

TEST 

18 

0.0004 

OHMS 

TEST 

13 

5.9357 

MV 

TEST 

14 

1.3025 

UA 

TEST 

15 

2.4382 

V 

TEST 

16 

0.1944 

UA 

TEST 

19 

0.0007 

OHMS 

VREFl  AT  25  DEG  C 
CATHODE  VOLTAGE  R2=3.33K  OHMS 
CATHODE  VOLTAGE  R2=746  OHMS 
CHG  VREF/CHG  VKA  R2=3.33K  OHMS 
CHG  VREF/CHG  VKA  R2=746  OHMS 
REF  INPUT  CURRENT  AT  25  DEG  C 
IMIN  AT  25  DEG  C 
lOFF  AT  25  DEG  C 
DYNAMIC  IMPEDANCE 

CHANGE  IN  VREF  FROM  -55  TO  25  DEG  C 

REF  INPUT  CURRENT  AT  -55  DEG  C 

IMIN  AT  -55  DEG  C 

lOFF  AT  -55  DEG  C 

DYNAMIC  IMPEDANCE  AT  -55  DEG  C 

CHANGE  IN  VREF  FROM  25  TO  125  DEG  C 

REF  INPUT  CURRENT  AT  125  DEG  C 

IMIN  AT  125  DEG  C 

I  OFF  AT  125  DEG  C 

DYNAMIC  IMPEDANCE  AT  125  DEG  C 


VIII-17 


DEVICE  8 


TEST  1  2.4809  V  VREFl  AT  25  DEG  C 

TEST  2  9.8721  V  CATHODE  VOLTAGE  R2=3.33K  OHHS 

TEST  3  35.287  V  CATHODE  VOLTAGE  R2=746  OHMS 

TEST  4  -0.6868  MV  CHG  VREF/CH6  VKA  R2=3.33K  OHMS 

TEST  5  -0.4180  MV  CHG  VREF/CHG  VKA  R2=746  OHMS 

TEST  6  1.7590  UA  REF  INPUT  CURRENT  AT  25  DEG  C 

TEST  7  2.4787  V  IMIN  AT  25  DEG  C 

TEST  8  0.0146  UA  lOFF  AT  25  DEG  C 

TEST  17  0.0004  OHMS  DYNAMIC  IMPEDANCE 

TEST  9  7.0229  MV  CHANGE  IN  VREF  FORM  -55  TO  25  DEG  C 

TEST  10  2.1240  UA  REF  INPUT  CURRENT  AT  -55  DEG  C 

TEST  11  2.4705  V  IMIN  AT  -55  DEG  C 

TEST  12  0.3223  UA  lOFF  AT  -55  DEG  C 

TEST  18  0.0004  OHMS  DYNAMIC  IMPEDANCE  AT  -55  DEG  C 

TEST  13  11.5891  MV  CHANGE  IN  VREF  FROM  25  TO  125  DEG  C 

TEST  14  1.6676  UA  REF  INPUT  CURRENT  AT  125  DEG  C 

TEST  15  2.4528  V  IMIN  AT  125  DEG  C 

TEST  16  0.2017  UA,  lOFF  AT  125  DEG  C 

TEST  19  0.0005  OHMS  DYNAMIC  IMPEDANCE  AT  125  DEG  C 


VIII-18 


DEVICE  9 


TEST  1 

2.4889  V 

VREFl  AT  25  DEG  C 

TEST  2 

9.9014  V 

CATHODE  VOLTAGE  R2=3.33K  OHMS 

TEST  3 

35.393  V 

CATHODE  VOLTAGE  R2=746  OHMS 

TEST  4 

-0.7656  KV 

CHG  VREF/CHG  VKA  R2=3.33K  OHMS 

TEST  5 

-0.4036  MV 

CHG  VREF/CHG  VKA  R2=746  OHMS 

TEST  6 

1.7590  UA 

REF  INPUT  CURRENT  AT  25  DEG  C 

TEST  7 

2.4864  V 

IMIN  AT  25  DEG  C 

TEST  8 

0.0154  UA 

lOFF  AT  25  DEG  C 

TEST  17 

0.0004  OHMS 

DYNAMIC  IMPEDANCE 

TEST  9 

5.3492  MV 

CHANGE  IN  VREF  FROM  -55  TO  25  DEG  C 

TEST  10 

2.2153  UA 

REF  INPUT  CURRENT  AT  -55  DEG  C 

TEST  11 

2.4803  V 

IMIN  AT  -55  DEG  C 

TEST  12 

0.0401  UA 

lOFF  AT  -55  DEG  C 

TEST  18 

0.0004  OHMS 

DYNAMIC  IMPEDANCE  AT  -55  DEG  C 

TEST  13 

13.2627  MV 

CHANGE  IN  VREF  FROM  25  TO  125  DEG  C 

TEST  14 

1.3025  UA 

REF  INPUT  CURRENT  AT  125  DEG  C 

TEST  15 

2.4501  V 

IMIN  AT  125  DEG  C 

TEST  16 

0.1672  UA 

lOFF  AT  125  DEG  C 

TEST  19 

0.0006  OHMS 

DYNAMIC  IMPEDANCE  AT  125  DEG  C 

VHI-19 


DEVICE  10 


TEST 

1 

2.4762 

V 

VREFl  AT  25  DEG  C 

TEST 

2 

9.8494 

V 

CATHODE  VOLTAGE  R2=3.33K  OHMS 

TEST 

3 

35.202 

V 

CATHODE  VOLTAGE  R2=746  OHMS 

TEST 

4 

-0.8297 

MV 

CHG  VREF/CHG  VKA  R2=3.33K  OHMS 

TEST 

5 

-0.3469 

MV 

CHG  VREF/CHG  VKA  R2=746  OHMS 

TEST 

6 

1.4243 

UA 

REF  INPUT  CURRENT  AT  25  DEG  C 

TEST 

7 

2.4733 

V 

IMIN  AT  25  DEG  C 

TEST 

8 

0.0167 

UA 

lOFF  AT  25  DEG  C 

TEST 

17 

0.0004 

OHMS 

DYNAMIC  IMPEDANCE 

TEST 

9 

7.9136 

MV 

CHANGE  IN  VREF  FROM  -55  TO  25  DEG  C 

TEST 

10 

2.1239 

UA 

REF  INPUT  CURRENT  AT  -55  DEG  C 

TEST 

11 

2.4652 

V 

IMIN  AT  -55  DEG  C 

TEST 

12 

0.0968 

UA 

lOFF  AT  -55  DEG  C 

TEST 

18 

0.0004 

OHMS 

dynamic  IMPEDANCE  AT  -55  DEG  C 

TEST 

13 

12.7840 

MV 

CHANGE  IN  VREF  FROM  25  TO  125  PEG  C 

TEST 

14 

1.2721 

UA 

REF  INPUT  CURRENT  AT  125  DEG  C 

TEST 

15 

2.4373 

V 

IMIN  AT  125  DEG  C 

TEST 

16 

0.2203 

UA 

lOFF  AT  125  DEG  C 

TEST 

19 

0.0006 

OHMS 

DYNAMIC  IMPEDANCE  AT  125  DEG  C 

VIII-20 


MISSION 

of 

Rome  Air  Development  Center 


RADC plans  and  executes  research,  development,  test  and  selected 
acquisition  programs  in  support  of  Command,  Control,  Communications 
and  Intelligence  (C^I)  activities.  Technical  and  engineering  support  within 
areas  of  competence  is  provided  to  BSD  Program  Offices  (POs)  and  other 
BSD  elements  to  perform  effective  acquisition  of  C^ I  systems.  The  areas 
of  technical  competence  include  communications,  command  and  control, 
battle  management,  information  processing,  surveillance  sensors, 
intelligence  data  collection  and  handling,  solid  state  sciences, 
electromagnetics,  and  propagation,  and  electronic,  maintainability,  and 
compatibility. 


